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indicated a slow depolymerization of either HA or an incomplete 
dissociation of the added substances or both. However, in the 
case of dilution of VHH with water, some sort of equilibrium 
between the depolymerized and polymerized forms which depended 
upon the concentration of water, seoaaed to exist. 
The activation energy of viscosity versus concentration 
plots showed a decrease in its values with dilution of VHH-water 
system or were accompanied by the presence of 'maximum' in those 
of VHH-ascorbic acid, VHH-lactic acid and VHH-pyruvic acid 
systems. The decrease in the activation energy may be attributed 
to depolymerization, while the increase, to the molecular re-
arrangements/associations or polymerization. The trend in the 
behaviour of the computed thermodynamic parameters lend further 
support to the seiid contention. 
Addition of reducing agents invariably caused increase 
in GA content in VHH which suggested depolymerization of HA, 
No effect of these acids was observed on the N-AG content of 
VHH which indicated that the hyaluronidase activity, if any, was 
not affected due to the addition of the reducing agents in ques-
tion. This has, therefore, sioggested that the depolymerization 
of HA of VHH, when treated with the reducing agents, was not due 
to the hyaluronidase activity and was, therefore, purely non-
enzymatic. 
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The higher concentrations of reducing acids caused p re -
c i p i t a t i o n of the mixture (VHH- ascorbic acid; VHH- l a c t i c acid; 
VHH- pyruvic ac id ) . Protein content in the p r e c i p i t a t e , thus 
obtained, increased on increasing the concentrat ion of the reducing 
agents without affect ing the t o t a l p ro t e in content of the system. 
This might be due to the d i ssoc ia t ion of non-covalently bonded 
p ro te ins as a consequence of the depolymerization of HA, 
VHH,when subjected to SDS- PAGE,showed 15 normal bands. 
After incubation with the ascorbic , l a c t i c and pyruvic acids some 
prominent changes in the peptide bands on electrophoretograms of 
each system were obseirved. Ascorbic acid a t higher concentrat ions 
caused disappearance of band XIII while in the presence of l a c t i c 
ac id a new and prominent band a t twelf th pos i t i on was observed. 
On the other hand in the presence of pyruvic ac id , i n the f i r s t 
four i n i t i a l concentrat ions, b i furca t ion of the IX band was recor-
ded. The l a t t e r , a t 1,92 EM/1 of t he acid concentra t ion, again 
appeared as a s ingle band. The disappearance of the bands a t 
d i f ferent concentrations of acids may poss ib ly be due to p ro t eo lys i s , 
s ince the pH of the incubation mixture was qui te favourable for 
the a c t i v i t y of proteases and the emergence of new bands could be 
due to aggregation of some low molecular weight p r o t e i n s . The 
bi furcat ion of band IX in response t o the treatment of pyruvic 
ac id might be a resiolt of degradation of t h i s p ro t e in . 
The effect of d i f ferent conc^t^a^^p^^^i^^.i&^corbic acid, 
l a c t i c acid, pyruvic acid and tha t of water d i l u t i ons has been 
s tud ied on the densi ty , the v i scos i ty , the speci f ic conductance, 
a s well as on the calcula ted values of ac t iva t ion energy and the 
thermodynamic parameters of v i t reous humour homogenate (VHH) at 
severa l temperatures. Their effects on the concentrat ions of 
N-acetyl-D-glucosamine (N-AG), glucuronic acid (GA) and the t o t a l 
so lub le p ro te ins as well as t h e i r e lec t rophore t ic pa t t e rn under 
sodium dodecyl sulphate-polyacrylamide gel e lect rophores is (SDS-
PAGE) have also been inves t iga ted . 
The dens i t i e s in each of the th ree systems, v i z , , the VHH-
ascorb ic acid , YHH-lactic acid and VHH-pyruvic acid were found to 
decrease with increase in the concentrations of the reducing 
agen t s . 
The v i scos i ty values of VHH showed the usual t rend of 
e i t h e r slow or f a s t decrease on d i lu t i on or in the presence of the 
reducing agents. These va r i a t ions seem to have been caused by the 
di f ference in intermolecular i n t e r ac t i ons leading eventually to 
depolymerization. 
The data of speci f ic conductance showed t h a t the low con-
cen t r a t i ons of these acids were inef fec t ive in producing ionic 
spec ies i n the solut ion whereas on increasing the concentrations 
a gradual increase in the specif ic conductance was observed. This 
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SUMMARY 
The effect of different concentrations of ascorbic acid, 
lactic acidy pyruvic acid and that of water dilutions has been 
studied on the density, the viscosity, the specific conductance, 
as well as on the calculated values of activation energy and the 
thermodynamic parameters of vitreous humour homogenate (VHH) at 
several temperatures. Their effects on the concentrations of 
N-acetyl-O-glucosamine (N-AG), glucuronic acid (GA) and the total 
soluble proteins as well as their electrophoretic pattern under 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) have also been investigated. 
The densities in each of the three systems, viz,, the VHH-
ascorbic acid, VHH-lactic acid and VHH-pyruvic acid were found to 
decrease with increase in the concentrations of the reducing 
agents. 
The viscosity values of VHH showed the usual trend of 
either slow or fast decrease on dilution or in the presence of the 
reducing agents. These variations se^u to have been caused by the 
difference in intermolecular interactions leading eventually to 
depolymerization. 
The data of specific conductance showed that the low con-
centrations of these acids were ineffective in producing ionic 
species in the solution whereas on increasing the concentrations 
a gradual increase in the specific conductance was observed. This 
- » l 
ind ica ted a slow depolymerization of e i t h e r HA or an incomplete 
d i s soc i a t i on of the added substances or both . However, i n the 
case of d i l u t i on of VHH with water, some so r t of equilibrium 
between the depolymerized and polymerized forms which depended 
upon the concentration of water, seecQed to e x i s t . 
The ac t iva t ion energy of v i scos i ty versus concentrat ion 
p l o t s showed a decrease i n i t s values with d i l u t i o n of VHH-water 
system or were accompanied by the presence of •maximum' in those 
of VHH-ascorbic acid , VHH-lactic acid and VHH-pyruvic acid 
systems. The decrease in the ac t iva t ion energy may be a t t r i b u t e d 
t o depolymerization, while the inc rease , to the molecular r e -
arrangements/associations or polymerization. The t rend in the 
behaviour of the computed thermodynamic psurameters lemd fur ther 
support to the said contention. 
Addition of reducing agents invar iab ly caused increase 
i n GA content i n VHH which suggested depolymerization of HA. 
No effect of these acids was observed on the N-AG content of 
VHH which indicated tha t the hyaluronidase a c t i v i t y , i f any, was 
not affected due to the addit ion of the reducing agents in ques-
t i o n . This has, therefore , suggested t h a t the depolymerization 
of HA of VHH, when t rea ted with the reducing agents , was not due 
t o the hyaluronidase a c t i v i t y and was, t he re fo re , purely non-
enzymatic. 
• » • 
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The higher concentrations of reducing acids caused p r e -
c i p i t a t i o n of the mixture (VHH- ascorbic acid; VHH- l a c t i c acid; 
VHH- pyruvic ac id ) . Protein content in the p r e c i p i t a t e , thus 
obtained, increased on increasing the concentrat ion of the reducing 
agents without affect ing the t o t a l p ro te in content of t he system. 
This might be due to the d i ssoc ia t ion of non-covalently bonded 
p ro te ins as a consequence of the depolymerization of HA, 
VHH,when subjected to SDS- PAGE,showed 15 normal bands. 
After incubation with the ascorbic , l a c t i c and pyruvic acids some 
prominent changes in the peptide bands on electrophoretograms of 
each system were observed. Ascorbic acid a t higher concentrat ions 
caused disappearance of band XIII while i n the presence of l a c t i c 
ac id a new and prominent band a t twelf th pos i t ion was observed. 
On the other hand in the presence of pyruvic ac id , i n the f i r s t 
four i n i t i a l concentrat ions, b i furca t ion of the IX band was recor-
ded. The l a t t e r , a t 1.92 nM/l of the acid concentra t ion, again 
appeared as a s ingle band. The disappearance of the bands a t 
d i f fe ren t concentrations of acids may possibly be due to p ro teo lys i s ! 
s ince the pH of the incubation mixture was qui te favourable for 
t h e a c t i v i t y of proteases and the emergence of new bands could be 
due to aggregation of some low molecular weight p r o t e i n s . The 
b i furca t ion of band IX in response t o the treatment of pyruvic 
ac id might be a resxilt of degradation of t h i s p ro t e in . 
CHAPTER I 
INTRODUCTION 
The vitreous body is like a transparent Jelly which 
fills posterior cavity of the eye. It is the largest and simp-
lest connective tissue, rather a product of the surrounding 
tissues, the neuroretina. It serves to maintain ocular shape, 
allows the light to pass through and the nutrients to diffuse 
from ciliary body to the retina. The knowledge of metabolic 
characteristics and of the dynamic processes controlling its 
maintenance and regeneration is meagre. 
The vitreous-humour is a gel-like extracellular material, 
physically a hydrogel composed of 98-99.7 percent(kedslob, 1932; 
Sullman, 1951) of water and dissolved salts, considered as an 
aqueous medium. The well organised structure of this connective 
tissue polysaccharide (vitreous humour), consists of fibroblasts 
(Branwood, 1963), structural framework of collagen fibrils and 
groxmd substance or "matrix" consisting of mucopolysaccharides, 
proteins and glycoproteins. 
The molecular organization of this tissue consists of two 
most important macromolecular components; an insoluble primary 
network of collagen fibres and soluble secondary network of poly-
anionic hyaluronic acid (Balazs, 1961), present in varying con-
centrations throxigh out the tissue (Balazs, 1959). The important 
and characteristic feature of the vitreous body is the unequal 
distribution of both the insoluble and soluble macromolecular 
components (Friedenwald and Stiehler, 1935; Bembridge et al.1952; 
Balazs, 1955, 1960; Schweer and Karell, 1956). There is some 
evidence suggesting that the chemical or physical interaction 
between these two networks may exist (Pirie, 19^; Woodin and 
Boruchoff, 1955; Boruchoff and Woodin, 1956), The interaction 
between these two networks produce rigidity and visco-elasti-
city contributing stability to the gel structure, the volume, 
the distribution of the cells and various solutes and the trans-
parency of the vitreous, thus performing highly specialized 
functions. 
The vitreous has two compartments (Ferry, 19^; Varga, 
1955 and Jirgensons, 1956). The solid compartment is vitreous 
gel which contains collagen fibres, and the liquid compartment 
is vitreous sol which does not contain collagen fibres. The 
rigidity of the vitreous gel is dependant on the concentration 
and molecxilar weight of the solid compartment(s) (Jirgensons, 
1956), The stability depends on many factors one of them being 
the degree of asymmetry of the solid phase and other, the degree 
of dispersion of coarseness of the strands. Such systems have 
some resistance to deformation combined with certain measures 
of elasticity. Both of these properties may be explained on the 
basis of three dimensional network (Ferry, 19^). The collagenous 
network is made up of cross rods, while the sponge like hyaluro-
nic acid is entangled in the collageious network. The collage-
nous network would thus have the capacity to expand if for 
instance, the hyaluronic acid molecules comprising soluble net-
work were of large size. This may explain some pecul iar i t ies 
in the exchange of substances into and out of the vitreous. 
All evidences todate point to the fact that the collage-
nous network i s the main agent responsible for the gel s tate 
of th i s t i s sue . Administration of collagenase (Pirie et a l , , 
1 9 ^ ) , injection of lyaluronidase (Von Sallmann, 19^) resul ts 
ei ther liquefaction of the t issue or deaggregation of hyaluronic 
acid. 
The collagen or insoluble proteins 
The vitreous body contains 150 mg/1 of vitrosin • 
Young (1894) and Momer (1894) f i r s t suggested that the insoluble, 
residual fibrous proteins in the vitreous (vitrosin) i s collagen 
(Pir ie et a l , , 1948), has some typical amino-acids, characteris-
t i c s 4f collagen (Pirie et a l . 1958; Maltoltsy, 1952); chemically 
characterize as high proportions of glycine, hydroxyproline and 
sugars, polysaccharides firmly attached to the polypeptide skele-
ton (McEwen and Suran, I960) and small amount of cysteine. 
Hydroxyproline i s specific for collagen. The insoluble protein 
has a sl ightly differacit glycoprotein(Jaffe, 1969) and nitrogen 
content (Pir ie and Vanheyningen, 1956) and may be degraded by 
proteolytic aizymes and not usually effective against collagen 
(Hogan and Zimmerman, 1962). The collagaa content i s highest and 
the r ig idi ty i s greatest where the vitreous i s gel, the cort ical 
vitrecais adjacent to r e t i n a (Balazs, 1960), Some of the soluble 
prote ins are also pecul iar to v i t r o s i n whi ls t o thers are i d e n t i -
ca l to plasma prote ins (Laurent et a l . , 1962). 
Low Molecular weight substances 
The low molecular weight substances present in the v i t r e -
ous body are both inorganic and organic compounds, such as water, 
sodium, potassium, calciiom, magnesium, phosphates and bicarbonates . 
The organic compounds are non~protein-nitrogen, peptide-nixrogen, 
amino ac ids , p r o t e i n s , glucose, pyruvic acid, e t c . Some of the 
inorganic and organic compounds present in the vi treous body act as 
reducing agents such as I ron , copper, and urea, u r i c acid, c i t r i c 
ac id , l a c t i c acid and ascorbic acid. 
Besides the substances mentioned, t r a c e s of ash 
(Si02, FeO,, Al^O,, MgO, and of metals Sr, Ba, Al, Mo, Mn, Fe, Ni, 
<iu, Zn and Pb (Maurice, 1957) can be found. 
The concentrations of these components in the v i t reous i s 
general ly s imilar to t ha t in aqueous or serum with some minor diffe-
rences t ha t can be explained by metabolism or t ranspor t within 
adjacent in t ra -ocu la r s t r u c t u r e s . The turnover of v i t reous water 
i s extremely high, half of t h a t present i s replaced every 10-15 
minutes (Kinsey, 19^2), The concentrat ion of v i t reous sodium 
approximates t h a t in other in t ra -oc \ i la r ex t r ace l lu l a r f lu ids and i s 
probably d i s t r ibu ted pass ive ly . I n the an te r io r vi treous the 
potassium concentration i s g rea te r than in the pos te r io r vi t reous 
because of the act ive t r anspor t (pump.) of potassium through 
the anter ior surface in to the vi t reous (Bito and Davson, 196A), 
while the bicarbonate level i s lower in the pos te r io r than in 
the an te r io r v i t r eous . This progressive pos te r io r d i s t r i bu t ion 
r e f l e c t s the ac t ive metabolism of the surrounding ocular t i s s u e s 
notably the r e t i n a , which re leases acid metabolic products 
(Lactate and Pyruvate) (Peyman and Sanders, 1980), 
In species with an aerobic glucose metabolism 
(mammals & b i rds ) the l a c t a t e and pyruvate contents of the 
v i t reous are higher than in the plasma or aqueous ( r a t i o between 
l a c t a t e in the v i t reous to l a c t a t e in the plasma i s 2 ,6:4 ,3) 
(Gloor, 1981). 
Ascorbatei Ascorbate content i s higher in the vi t reous than 
t h a t of the blood (Heath, 1962) and lower than tha t of the pos te -
r i o r chamber in the same spec ies . I t i s t h i s compound which i s 
mainly responsible for the v i scos i ty reducing proper t ies of the 
undialysed v i t reous (Robertson et a l , , 19^0), an action which i s 
apparently one of the depolymerization or deaggregation of hya-
luronic acid since no de tec table amounts of reducing substances 
a re l i be ra t ed in i t s presence (Pigman and Rizvi , 1959), the de-
polymerization i s accompanied by marked drop in amino acid 
content of the nat ive hyaluronic acid. Thus the ascorbate i s a 
p a r t of photosensi t ized oxidizing system involving copper, oxygen 
and l i g h t t h a t can depolymerize hyaluronic acid in v i t r o . This 
may explain the r e l a t i v e low average molecular weight and the 
high polydispersity of the hyaluronic acid present in the 
vitreous (Sundblad and Balazs, I966). 
Ascorbic acid i s believed to play an important role in 
vitreous metabolism. Although probably essential for collagen 
synthesis, i t s effect on the mucopolysaccharides of vitreous 
i s s t i l l obscure (Heath, 1962), I t was assumed (Heath et a l , , 
1961) that the depolymerization of hyaluronic acid was the pr in-
cipal cause of liquefaction. The biologic role of such a de-
polymerizing systan in the vitreous body i s not yet clear. 
Physico-chemical properties. Balazs (1968) describes four 
basic physicochemical propert ies: frictional interaction; vitreous 
expansion and contraction; the excluded volijme concept; and the 
molecular seive concept. They are based on the fact that the 
vitreous cavity i s a connective t issue space f i l led with a two 
compartment in terce l lu lar matrix. The f i r s t component of t h i s 
matrix i s a three dimensional network of randomly oriei ted, rod-
l ike collagen f ibres . The collagen fibres are e lectrosta t ical ly 
neutral , because they are not cross-linked, they allow the 
vitreous volume to expand, giving p las t ic i ty to the system. The 
second system consists of sponge-like polymer coi ls of hyaluronic 
acid contribute viscoelast ic i ty to the system. This dual net-
work collagen fibres supplying the basic structure and spongy 
hyaluronic acid molecules, f i l l ing the spaces between f ibres, 
furnishes a s tab le system t h a t can r e s i s t deforming forces 
such as centr i fugat ion or mechanical ag i t a t ion , A collagen ne t -
work alone col lapses under such s t r e s s . The raanrrer in which 
t h e collagen and hyaluronic acid i n t e r a c t s to s t a b i l i z e the 
system has termed f r i c t i o n a l i n t e r ac t i on . 
The v i t reous s t ruc tu re accounts for the mechano-chemical 
concept of vitreous-volume expansion and contract ion, Nonnal 
v i t reous contains sodium-ions, sodium chloride molecules and some 
pos i t i ve ly charged molecules t ha t neu t ra l i ze the negatively 
charged hyaluronic acid molecules. I f the sodium ions or the 
sodium chlor ide molecules are replaced by pos i t ive ly charged 
macromolecules such as protamine sul fa te or ca t ionic dyes, the 
c o i l s of hyaluronic acid cross l ink and the gel system contrac ts . 
I f the ionic s t rength of the vi t reous i s descreased and i f sodium 
chlor ide molecules and pos i t i ve ly charged pro te in macromolecules 
a re removed and not replaced the sodium ions remaining do not 
sh ie ld the negative charges on hyaluronic acid molecules. Con-
sequently, t h e c o i l s of hyaluronic acid repel each other and the 
v i t r eous network expands. 
The hyaluronic acid molecules, which are sphereoidal 
p a r t i c l e s 0,2 t o 0 . 4 ^ in diameter, may exclude other macromole-
cules or may be excluded scanewhat by the collagen f i b r e s . The 
collagen hyaluronic acid matrix of co r t i ca l v i t reous effect ively 
excludes most c e l l s , p ro te ins and other macromolecules by physica-
l l y occupying the volume ava i l ab le . This phenomenon i s known as 
excluded volume effec t . 
In addit ion to producing the excluded volume effec t , 
t he c o r t i c a l v i t reous may re ta rd the flow of c e l l s , macromole-
cules and even some low molecular weight components by v i r t ue 
of i t s molecular seive ef fec t . Even the flow of water can be 
re ta rded as much as 1000 times when i t i s forced to t r a v e l 
through a high concentration of hyaluronic acid (Ogston, 1961). 
Pos i t ive ly charged molecules especia l ly are slowed when passing 
through the c o r t i c a l network of collagen f ibres and hyaluronic 
acid sponges because they are trapped by the e l e c t r o s t a t i c 
f i e l d of the polyanionic chains of hyaluronic acid. 
The four physico-chemical proper t ies of collagen-
hyaluronic acid network, described above, account for the physio-
log ic s t ruc tu re of the v i t r eous , (1) the r i g i d i t y , v i scos i ty , 
e l a s t i c i t y of the v i t reous gel (2) the volume change charac ter -
i s t i c s (3) the v i t reous c e l l d i s t r i bu t i on within the c o r t i c a l 
l a y e r s only and (4) in p a r t , for the v i t reous transparency the 
low number of c e l l s and low concentration of soluble p ro te ins 
cont r ibu te to the non-l ight sca t te r ing medium. Because the 
v i t r eous gel i s colourless and contains 99 percent water, with 
t h e remaining 1 percent being very small, randomly d i s t r i bu t ed 
s o l i d p a r t i c l e s , there are maximal l igh t transmission and minimal 
l i g h t absorption or sca t t e r ing (Tolentino et a l . , 1976). 
P r o t e i n s . Glycoproteins and Amino acids ; 
Soluble p ro t e in s : 
I t was believed e a r l i e r t h a t the concentration of soluble 
p ro t e in s in the vi t reous body of a l l species so fa r examined 
va r i e s from 1/50- 1/100th of t h a t found in c i rcu la t ing plasma 
(Bennan and Voaden, 1971). I t i s now establ ished tha t the t o t a l 
p ro t e in content of the v i t reous i s about 1 / 8 - 1 / l 0 t h tha t of 
t he serum (Peyman and Sanders, 1980), The bovine vi t reous body 
contains ^ 0 mg of pro te in pe r l i t r e . In c a t t l e , the concentra-
t i o n s of soluble pro te ins i s higher in the co r t i ca l layer close 
t o the r e t i n a , than the cen t r a l and an te r io r pa r t s (96 mg/100 ml; 
61.9 mg/100 ml; and 37.7 mg/100 ml (Balazs, i960). Early e lec-
t rophore t ic inves t iga t ions of soluble pro te ins were carr ied out 
on concentrated samples, which were freed of collagenous pro te ins 
by f i l t r a t i o n and cent r i fugat ion (Hesselvik, 1939 and Bl ix , 19^0). 
On electrophoresis a t pH values ranging from 5 . 5 - 8 .0 , these 
prepara t ions showed th ree d i s t i n c t boundaries. The f a s t e s t mov-
ing component was Iden t i f i ed as hyaluronic acid and the other 
two had mobi l i t i e s resembling those of albumin and globulin. 
Subsequent analys is of both spectrophotometric (Balazs, 1954) 
and e lec t rophoret ic (Brunlsh et a l . 1954) techniques revealed 
t h a t albumin accounts for only 30 percent of the t o t a l pro te in 
content of the c a t t l e v i t r e o u s . Consequently the Albumin-
globulin (A/G) r a t i o of p ro t e in s in the v i t reous i s much lower 
than i t i s in the plasma ( 0 . 0 ^ - 0 . 7 5 instead of 2)(Balazs and 
Sunblad, I96O; Vilstrup and Kornerup, 1955). 
Immunochanical s tudies (Rao et a l . , 1955) detected 
approximately seven, p ro te in components in the c a t t l e v i t r eous . In 
et a l , 
l a t e r s tudies Laurent/(1962) detected twelve different soluble 
p ro t e in cons t i tuen t s of the c a t t l e v i t reous body. Some are speci-
f i c to the t i s s u e and o thers are s imilar to serum pro te ins of which 
a t l ea s t t h r ee were not present in plasma. Cooper et a l . , (1963) 
found t h a t the human vi t reous contains six t i s sue - spec i f i c (non-
serum) p ro t e in s and t h a t nine such pro te ins are present in bovine 
v i t r e o u s . 
More information about the types of proteins can be had 
from the v i t reous supernatant f ract ions prepared by Swann et a l . , 
(1974) of calf , sheep, hLunan and dog by SDS-PAGE and compared 
with corresponding serum (except dog). This author found t h a t 
i n each case the major component in the reduced vi t reous and the 
serum samples had slower mobil i ty than the unreduced bovine serum 
albunJLn standard. Several o ther minor bands were also present in 
v i t reous and serum, but the samples from the vi t reous showed a 
d i s t r i b u t i o n of peptide component t ha t was dist inguished from 
t h a t of serum and varied somewhat from species to spec ies . There 
were differences in the content of both low and high molecular 
weight components compared to serum. Fract ionat ion of v i t reous 
supernatant f rac t ions from which the pro te ins were separated from 
hyaluronic acid (Swann and Caulfield, 1975) followed by gel 
chromatography provided more detailed data for comparison of 
the similarities and differences between "the amounts and types 
of soluble proteins present in vitreous of different species. 
The gel chromatography of adult bovine vitreous body yielded six 
protein fractions. Analysis of these fractions by SDS-PAGE, the 
peptide profile of total 15 bands were detected in the three 
samples of the vitreous, in addition to the aggregated material 
that failed to enter the gel. Only five bands were shared by all 
the three samples. There appear, therefore, to be marked diffe-
rences not only in the amounts but also the type of protein com-
ponents in the vitreous of different species, 
Glycoprot eins: 
The most s t r ik ing difference between the pro te ins of the 
v i t r eous body and those of c i rcu la t ing plasma i s the high con-
t e n t of glycoproteins in the fonner, representing close to 
20 percent (Balazs and Sundblad, I960) or more (Laurent et a l . 
1962) of the t o t a l pro te in presen t . The presence of glycoprote-
i n s in the v i t reous body could also be described on the bas i s 
t h a t i t contains small amounts of galactose. However, su l fa te 
was a lso found besides galactose (Laurent et a l , , 1962), The 
so luble glycoprotein concentrat ion p a r a l l e l s t h a t of hyaluronic 
acid and i s supposed to be r e l a t i v e l y high (0,33% - 0.5% of the 
proteins)(Schwarz et a l , , 1950). The chemical composition 
indica ted t h a t glycoproteins accounts for approximately 1/3 of 
the t o t a l p ro te ins of the t i s s u e and showed t h e i r e lec t rophore t ic 
mobil i ty in the range of serum c<l.globulins. Several hexosamine 
containing pro te in fract ions have been i so la ted from hyaluronic 
acid free v i t reous (Laurent et a l , , 1962). A Y-globulin l i k e 
glycoprotein was i so la ted by Berman (1964) from vi t reous which 
accounts for 4 percent of the t o t a l protein of the v i t reous body 
and has high carbohydrate content and lower molecular weight than 
t h e A-globulin found in serum. The carbohydrates were i d e n t i -
f i ed as neu t r a l sugars (mannose galactose , glucose, fucose) and 
hexosamine. Allen and Wardi (1973) i so la ted a pentose r i ch glyco-
pept ide containing 30 percent prx)tein, 7 percent pentose, 18.7 
percent of glucosamine. 9.2 percent galactosamine, 10.9 percent 
uronic acid and 16,1 percent hexose. 
The carbohydrate component of glycoprotein contains a 
surpr i s ing ly high amo\jnt of s i a l i c acid than t h a t found in plasma, 
which i s a cha rac t e r i s t i c component of most of the glycoproteins 
and i t s presence in the vi t reous body Sundblad and Balazs (1958), 
Balazs e t a l . (1959), Schmidt (1959) suggests t h a t i t i s closely 
associa ted with the soluble glycoprotein of t h i s t i s s u e , 
Amino ac ids ; 
Free amino-acids, reach a high l eve l in the aqueous than 
i n the plasma, but a much lower leve l in the v i t r eous . The high 
concentration of glutamic acid found in cattle vitreous 
(Wooton et al., 1954). Glutamic acid, with a level similar 
to that in the serum, is an exception. This is attributed to 
the liberation of this substance in retinal metabolism (Pirie 
et al, I9A8). The concentration gradient of other amino acids 
existing between aqueous and vitreous, but mainly the gradient 
existing between anterior and posterior vitreous, suggests uti-
lization by the retina, the cellular elonents of the cortical 
layer of the vitreous, or both (Bito, 1965). Further more an 
active-transport of amino acids from the vitreous into the blood 
by way of the retinal circulation (Reddy and Kinsey, 1962; Reddy 
et al., I96I) or by an active transport mechanism located in the 
pigmented epithilium may exist (Bito, 1965; Reddy et al., 1977). 
Relationship of Hyaluronic acid and protein constituents; 
One of the major unsolved question about the chemical 
structure of hyaluronic acid is the relationship between the 
polysaccharide chains and proteins. A variety of methods have 
been used to separate hyaluronic acid from protein in superna-
tant fractions prepared from vitreous. Essentially these methods 
have amployed a combination of procedures based on the charac-
teristic properties of hyaluronic acid, namely, that it is a 
high molecular weight polyanion with a high buoyant density, that 
it can be treated with organic solvents and precipitated with 
ethanol , and can be reso lubi l ized with out a l t e r ing i t s 
chemical s t ruc tu re , Becuase of these proper t ies i t can be 
separated from prote ins (Sevag, 1954; Meyer et a l / , 1956; 
Sco t t , 1960; Sandson and Eacmerman, 1962; Berman, 1963; Caygi l l , 
1971; Varga et a l , 1959; Ogston and Sta iner , 1950; Silpananta 
e t a l , , 1968). Depending on the source of t i s s u e and on the 
combination of procedures used to prepare hyaluronic acid, the 
pu r i f i ed product contains e i the r barely detectable amounts 
(0 .05-0 .35% w/w (Swann, 1968a,b) or s ign i f ican t ly grea te r qua-
n t i t i e s of p ro te ins ( 2 - 2O76 w/v (Sanderson and Hammerman, 1962; 
Ogston and S ta ine r , 1950), In no ins tances , however, has i t 
been shown t h a t the amino-acids are covalently linked to the 
polysaccharide chains of hyaluronic acid. Several r epor t s have 
indica ted t h a t e i the r Ityaluronic acid or f rac t ions derived from 
Hyaluronic acid are r e l a t i v e l y r i c h in ser ine and glycine, but 
t h e molar r a t i o s of the cons t i tuents were such t h a t i t was 
c l ea r t h a t the amino acids detected were not pre&ent in a well 
defined glycopeptide l inkage region s imilar to those in pro teo-
glycans (Roden, 1970) or glycoproteins (Marshall, 1972). There 
may be several reasons for such small amounts of amino acids 
i n pur i f ied hyaluronic ac ids . One i s tha t polysaccharide chains 
of e x t r a c e l l u l a r hyaluronic acid may be formed by the cleavage 
of precursor forms of the molecule synthesized by c e l l s . This 
could e ^ l a i n why the res idua l amino-acids do not have a 
stoichiometr ic re la t ionsh ip to the number of polysaccharide 
chains . Other p o s s i b i l i t i e s are t ha t there are d i f ferent 
pools of hyaluronic acid and t h a t only ce r t a in types are cova-
len t ly l inked to p ro te ins and/or t h a t the amino acids are remnants 
of pro te in cons t i tuents associated with hyaluronic acid in 
complex aggregates. As out l ined e a r l i e r , hyaluronic acid i n t e r -
ac t s with other matrix cons t i t uen t s . The small amounts of amino-
acids in pur i f i ed hyaluronic acid , the re fo re , may be res idua l 
components derived from these complex aggregates. 
In summary, the re are unce r t a in t i e s about many aspects 
of the s t ruc tu re of hyaluronic acid in terms of the occurrence 
of minor carbohydrates and amino acid cons t i tuen t s , the confor-
mation of the polysaccharide chains , the organization of the 
polysaccharide chains to form supramolecular s t ruc tu re s , and the 
re la t ionsh ip between hyaluronic acid and other matrix cons t i -
t uen t s (Swann, 1980). 
Hyaluronic acid; 
The hyaluronic acid molecule cons i s t s of a l t e rna t ing 
xxnits of glucuronic acid and acetyl-glucosamine (2-acetaTnido-2-
deoxy-D-glucose) in glycosidic l inkages . The glucuronidic 
l inkages are in 1 — ^ 4 pos i t ion and t h e i r configuration has been 
shown to be exclusively A(Linker e t a l , , 1955). The glucuroni-
d ic linkages are R 1 ^3 . Thus the hyaluronic acid molecule 
consists of a ratio of 1:1 between negatively charged glucuronic 
acid alternating with acetyl-glucosamine, linearly arranged 
monosaccharide polymer with no evidence of branching at any place 
along the chain. 
^ CH.OH 
COO® l A i 
^ HN-COCH-
HN-COCH. 
HYALURONIC ACID 
Fig. 1 Disaccharide repeating unit of Hyaluronic acid. 
Jeanloz (1952); Jeanloz and Jeanloz (1964); and Rapport 
et al., (1951) made it clear that the polysaccharide chains of 
hyaluronic acid were largely composed of repeated disaccharides 
and small quantities of other componoits may also be present. 
A small amount of galactose and sulfur was also found present 
(Laurent et a l . 1962) v/liich could describe the presence of glyco-
pro te ins , Montgomery and Nag (1963) concluded tha t about one 
percent of the carbohydrate res idues in hyaluronic acid behaved 
di f ferent ly upon per iodate-oxida t ion than was ant ic ipated on the 
bas i s of the accepted s t r u c t u r e . Varma et a l , (1973) detected 
the presence of glucose and arabinose in hydrolysates of pur i f ied 
bovine vi t reous hyaluronic acid . The presence of arabinose v/as 
confirmed in the l a t e r s tudies by Varma et a l , (197^, 1977) who 
also obtained evidence for the presence of two deoxyheptose con-
s t i t u e n t s . 
The e a r l i e r preparat ions of hyaluronic acid made by Meyer 
and Palmer (193'^; 1936a & b) and the l a t e r preparat ions by free 
e lectrophoresis of na t ive v i t r eous (Blix, 19^^) were es sen t i a l ly 
prote in f ree . I t has since been assumed, therefore , tha t hyalu-
ronic acid in i t s na t ive s t a t e has l i t t l e or no-covalently, l inked 
p r o t e i n s . However, hyaluronic acid, as i t i s found in the v i t r e -
ous body of other t i s s u e s , i s accompanied by large amounts of 
p ro te in , most or possibly a l l , of which i s not bound to mucopoly-
saccharide, Varma et a l . , (1973) also indicated tha t threonine 
and serine may be present in the l inkage of hyaluronate to pept ide. 
The hyaluronic acid, imparts to the solut ion a high 
v i scos i ty by v i r t ue of i t s molecular weight and highly asymmetri-
ca l nature . Laurent (1955) prepared a f rac t ion , which represented 
ca, 60 percent o£ bovine vi t reous hyaluronic acid and, by l i g h t 
sca t t e r ing measuranents, determined the molecular weight to be 
340,000-500,000. A smaple prepared by the same method was-^ 
studied by Varga (1955) and the molecular weight was found to be 
86,600. L igh t - sca t te r ing measurements performed by Rowen et a l . , 
(1956) indicated the bovine vi t reous hyaluronic acid had a mole-
cular weight of 1.27x10 . In l a t e r study by Varga et a l . , (1959) 
bovine v i t reous hya3.uronic acid was prepared in high yield by 
e lec t rophores i s , the ca lcula ted molecular weight was found 178,000 
and var ies between 61,000-381,000 (Balazs, I960). 
In t h i s t i s s u e hyaluronic acid does not exis t as a homo-
geneous population of molecules but ra ther a se r ies of homologous 
polymers i d e n t i c a l in chemical composition but differing with each 
other in degree of polymerization. The r e s u l t s of the inves t iga-
t i ons of Laurent and Gergely (1955) suggested a model of randomly 
kinked co i l highly solvated and extending over a large molecular 
domain was proposed. The molecular length of uncharged/neutral 
p a r t i c l e gave a value of 900 A and another varied from 160-350 nm 
as the effect of polymerization. The three-fo ld increase in the 
length under high shearing forces emphasized a high degree of 
f l e x i b i l i t y of t h i s p a r t i c l e (Berman and Voaden, 1971). This v/as 
fur ther supported by the s tudies of i t s i n t e rna l v i scos i ty . These 
inves t iga t ions have shown t h a t hyaluronic acid assumes an extended 
length \mder high shearing forces and a coiled s t ructure where ±z 
i s not subjected to these s t r e s s e s . A high anodal mobility of 
t h i s po lye lec t ro ly te a t pH-values of 7,5 & 8.0 have been p r e -
dicted on the bas is of the la rge number of free acidic t^roups 
present . Since the extent of dissocia t ion of carboxylic groups 
decreases as the pH i s lowered the e lect rophoret ic mobility i s 
l ikewise decreased. 
The molecule probably ex is t in a randomly kinked co i l 
entraining large quan t i t i e s of water in i t s framework producing 
a large sponge l i ke spheroidal configuration, thus in solution 
occupying 1000 times the volume i t occupies in dried s t a t e . The 
individual molecule probably entangle each other to form a t h r e e -
dimensional network formed by v i t ro s in f ib res v/hole i n t e r c e l l u l a r 
space (Ogston and S tan ie r , 1951; Laurent and Gergely, 1955; 
Blximberg and Ogston, 1958; Balazs, 1961), This network functions 
in the v i t reous himo\ir in providing a medium for control l ing 
diffusion or movement of other macixjmolecules such as p ro te ins by 
excluding these p a r t i c l e s from the domain occupied by hyaluronic 
ac id . 
I t i s bel ieved tha t mucopolysaccharide contribute to the 
s t r u c t u r a l i n t e g r i t y of the connective t i s s u e and t h e i r mechani-
ca l s t a b i l i t y i s achieved by f r i c t i o n a l in t e rac t ion between car -
bohydrate polymer, water and with collegen f ib res . Milch (1966); 
Milch et a l . (1966) suggested tha t the v i sco -e l a s t i c property of 
Cristiansson, 1958) but the precise mode of interaction between 
this polyanion and water is not completely \inderstood (Ogston, 
1960). There is indeed a great douht as to whether there is any 
chemical interaction at all between the two (Jacobson and 
Laurent 195^; Laurent, 1957 ). Most evidence point to the fact 
that the water associated with or "immobilized" by hyaluronic 
acid is neither bound in the chemical sense nor free in the 
physical sense (Fessler, 1957). The association may perhaps be 
more appropriately describes as solvent entrained by the hyalu-
ronic acid molecule, mainly witiiin and between the individual 
chains of polymer or possibly as an envelope of shell surroxond-
ing the molecule. 
Measurement of viscosity have long been used for determin-
ing the degree of degradation of polysaccharides because it was 
found emperically that viscosity diminishes as degradation of 
polymer proceeds. Viscometry is a very sensitive tool because 
even a small proportion of chemical change is detectable. 
Hyaluronic acid solutions and preparations have long been 
known to undergo spontcj^ f-ous losses of viscosity, under a varietv 
of conditions with a series of irreversible physical or struc-
tural changes termed as depolymerization and considered as vis-
cosity- reduction effect which can be induced by enzymatic and 
many non-enzymatic agents. A wide variety of both organic and 
inorganic reducing agents cause i r r e v e r s i b l e depolymerization 
without l i b e r a t i o n of reducing substances. Ascorbic acid was 
extensively studied and iden t i f i ed long ago (Robertson et a l . , 
19^^) as a p r inc ipa l v i scos i ty reducing agent in nat ive v i t reous . 
Other known reducing agents are cuprous and ferrous ions and 
cys te ine , l a c t i c acid, pyruvic acid hydroquinones and reduced 
forms of many dyes such as methylene blue. All these agents 
require the presence of catal>'t ic amount of oxygen to cause de--
polymerization of hyaluronic acid (Sundblad & Balazs, I966). 
Hydrogen peroxide also enhances the effect of various reducing 
agents suggesting tha t the depolymerization i s induced by oxida-
t i v e reductive depolymerization (Pigman &. Rizvi, 1959;hatsuicura 
et a l . , 1966). This react ion i s cal led as oxidative reductive 
depolymerization (OJID). 
The i n s t a b i l i t y of polymeric carbohydrates in the presence 
of reducing agents and pro tec t ive effect exerted by other com-
pounds in the oxidative reductive depoljnaerization, may have 
p r a c t i c a l appl ica t ions as well as important b io logica l implica-
t i o n s . More important are the b io logica l considerat ions, since 
the most ac t ive compound in the ORD, are commonly encountered in 
b io log ica l system (Commoner et a l . 195^). 
Hyaluronic acid, the basic component of the ground 
substance of soft connective t i s s u e , i s pa r t i cu l a r l y suscept ible 
t he system i s grea t ly influenced by carbohydrate polymer wMch 
may bind adjacent collagen f i b r e s . The manner in which hyaluro-
n i c acid net\/ork i n t e r ac t with the collagen filaments in the 
v i t reous body i s s t i l l a matter of conjecture. However, i t i s 
known tha t the hyaluronic acid molecule s t a b i l i z e s the f ibrous/ 
collagenous network and in t h i s way ind i r ec t ly controls both the 
volume and the physical character of the v i t reous body. The 
degradation of hyaluronic acid with hyaluronidasc increases the 
extent to which vi t reous shrinks under various conditions studied. 
Even small changes in the s ize or conformation of the hyaluronic 
acid may have profound effect on the physical s t a t e of the co l l a -
gen gel (Balazs, I968). 
I t has been propos'ed tha t the s t a b i l i z a t i o n or res i s tance 
to deformation of v i t reous gel i s achieved by physical or mecha-
n i c a l forces without requir ing d i r ec t i n t e rac t ion between the two 
networks (Pir ie , ^S^S ; Woodin & Boruchoff,1955; Boruchoff and 
Wo Odin, 1956). 
The volume of the v i t reous i s a l t e red i f the e lec t ro -
chemical c h a r a c t e r i s t i c s of the hyluronic acid molecule, v/ith a 
high e l e c t r o s t a t i c p o t e n t i a l , i s a l te red or changed (Balazs,1968). 
Kany fac to r s : Heat (Cohen et a l . 1934; Gustavson, 1956; 
Campbell et a l . I966; Francois and Hanssens, I960), rad ia t ions 
(Howe, 1954; Toth et a l . 1962; Alexander et a l . 1956), pH-changes 
(Balazs, I96O; P i r i e , 1958; Goedbloed, 1935; Vor. 5all:..anii 19^1; , 
freezing and thawing (Balazs, I968), and oxidation reduction 
systems ( P i r i e , 1958) involving ascorbic acid (Sundblad and 
Balazs , 1966) may decrease the vi t reous volume by interacting, 
with or even distroying the v i t reous s t ruc ture . The depolymeriz-
ing system may have a b iologic role in vi treous hyaluronic acid 
turnover . Blood vi t reous b a r r i e r or v i t r eo - r e t i na l b a r r i e r are 
xunctional terms describing the i n a b i l i t y of the vitreous cons-
t i t u e n t s to equ i l ib ra te with blood and with surrounding f l u id s . 
One of the mechanisms which cause the imbalance i s the physico-
chemical cha rac t e r i s t i c s of the vi t reous collagen-hyaluronic acid 
netv/ork t h a t ef fect ively block or re tard movement of c e l l s , 
macromolecules and cat ions (Kinsey, 1942). 
The physical p roper t i es of the hyaluronic acid molecules 
a re thought to have implicat ions with regard to the physiology 
of the v i t reous body. Since the hyaluronic acid appears to be 
the p r inc ipa l component responsible for v iscosi ty or gel charac-
t e r of ground substance of some type of connective t i s s u e , 
f ac to r s effecting i t s degree of polymerization and depolymeriza-
t i o n are of considerable i n t e r e s t . I t s known ab i l i t y to complex 
with p ro te in and probably to control t h e i r movements suggests 
t h a t the fac tors cont ro l l ing i t s degree of polymerization may 
also be r e l a t ed to the permiabi l i ty of the t i s sues (Pigman et a l . 
I96I ; Pigman et a l . 1957) and i f t h i s i s a l tered by any factor 
the permiabil i ty r;.ay likev/ise be a l t e red . As reported by Von 
Sallman ( 1 9 ^ ) , tha t the destruct ion of liyaluronic acid by the 
hyaluronidase increase the movement of the RBC and may enhance 
the r a t e of diffusion of haemoglobin (Suran and McEwen, I96I ) . 
Physico-chemical p roper t i e s ; 
Many physiological functions of the vi treous ixiffiour are 
determined by the nature and organization 01 hyaluronic ecid, 
p ro te ins and other chemicals present in the vi t reous humour. 
The main physiological functions of hyaluronic acid in 
t h e vi treous humour are d i r ec t l y re la ted to i t s physico-chemical 
p r o p e r t i e s , while the functions of the l a t t e r depend on the 
morphology of hyaluronic acid network v/ithin the collagen frame-
work and the interchange or diffusion of organic and inorganic 
components/.across and within the vi t reous humoxir. The i n t e r -
change diffusion la rgely depends on the morphology of polyanionic 
network of hyaluronic acid. 
Early physico-chemical s tudies on d i l u t e hyaluronate 
solut ions performed by Ogston and Stanier (1951) and (1953); 
Laurent and co-workers (1955) and (I96O) and by Cleland and Wang 
(1970) have demonstrated t h a t the molecule takes a random coi l 
configuration with a large hydrodynamic volume 1CP t imes. The 
r o l e of hyaluronic acid as water binding agent has been suspect-
ed for many years (Meyer, 1947; Brunish et a l , , 195^; 
to the action of autoxidants and/or reducing agents. 
It is now known that these autoxidants act through the 
formation of free radicals (Lagercrantz, 1964). It is also 
known that hydrogen peroxide (H^Op) in conjunction with ferrous 
and ferric salts (Fenton's reagent)(Fenton, 189^) causes degra-
dation of starch, glycogen and other glycans (Neuberg and Fiiura, 
1911). 
In vitro, substances, such as ascorbic acid, L-cysteine, 
and ferrous ions in the presence and absence of HpOp, have shown 
to degrade hyaluronic acid. Ascorbic acid, the enediol, most 
widely studied, reduces the viscosity of hyaluroiiic acid and 
other polysaccharides in the presence of oxygen and phosphate 
ions. Some of other substances such as L-cysteine, D,L- pene-
cillamine and AET (2-amino-ethylisothiouronium bromide) showed 
maximum but markedly incomplete degradation in the same range of 
concentration as with ascorbic acid and at higher concentrations 
they appeared to have less effect. Compounds containing sulfhy-
dril groups range from moderate to good as depolymerizing agents, 
but corresponding disulfides are usually inactive. Among inor-
ganic ions the most effective known, are the cuprous, ferrous 
and stannous cations and the bisulfate anions. HpOp by itself 
is only slightly active in the system. 
Regarding the mechanism of this reaction, the need for 
the trace amounts of Fe or Cu ions for the ORD in the presence 
of autoxidants such as ascorbic acid is controversial. Some 
investigators believe that organic autoxidants require sn.all 
amounts of metals for activity and that under conditions of 
rigorous "metal sterility" ascorbic acid and other reducing agents 
are not active (Skanse and Sundblad, 19^3) and (Hale, 19^4), 
others assume that ascorbic acid is capable of acting alone in the 
degradation of hyaluronic acid. 
The effect of ascorbic acid, and other reducing agents 
such as lactic acid, pyruvic acid, uric acid, citric acid and 
their enhanced level on the physico-chemical properties is cer-
tainly understood neither biologically nor physically and the 
grammer of scientific enquiry into this particular territory is 
new. It is more important to work out the effect of such com-
pounds when it is suspected that the presence of these compounds 
may cause irreversible depolymerization of hyaluronic acid there-
by affecting the physiological and morphological changes of this 
connective tissue. It has therefore, been considered worthwhile 
to investigate the effect of compounds commonly present in the 
vitreous humour on the physico-chendcal properties of the latu^r. 
Consequently, with a view to understanding the above 
aspects this work was undertaken to study the physico-chemical 
properties of vitreous humour homogenate in the presence and 
absence of varying concentrations of ascorbic acid, lactic acid 
and pyruvic acid. The physico-chemical studies include the 
variations in the behaviour of viscosity, density, specific 
conductance, activation energy, enthalpy, entropy, gibb's 
free energy of flow with tenperature and concentration of the 
said reducing agents or of water. In addition, the changes in 
the concentrations of HA, N-AG, total proteins and their SDS-
PAGE have been examined excluding the fibrous structure of the 
tissue. The fibrous structure was removed for the reason that 
there were experimental problems in passing the vitreous gel 
through the capillary of the viscometer and the neck of the 
pycnometer. 
CHAPTER I I 
EXPERIMENTAL 
MATERIALS 
A, Chemicals; Chemicals, and their sources, used for the 
present studies are given below: 
Chemicals Source 
Acetic Acid, glacial 
Acrylamide 
OG-Chymotryp sinogen 
Ammonium Persulphate 
Ascorbic Acid 
Benzalkonium chloride 
^-44 ercap to eth ano 1 
Boric Acid 
Bovine Serum Albumin 
Buffe r T a b l e t s 
Carbazole 
Chloroform 
Coomassie B r i l l i a n t Blue 
R-250 
D i c h l o r o m e t h y l s i l a n e 
Dihydrogen Sodium Phosphate 
Disodium Hydrogen Phosphate 
B.D.H. , I n d i a . 
B,D,H, , England, 
Boehr inge r , Mannheim., 
W, Germany. 
B.D.H. , England. 
Sa rabha i M. C h a n i c a l s , 
I n d i a . 
F luka AG, Buchs SG., 
S w i t z e r l a n d . 
Ferak B e r l i n , W, Geirmany, 
Chemex., Germany, 
Sigma Chemical Co», U.S.A. 
B.D.H. , I n d i a . 
Ferak Berlin, W. Germany. 
E. Merck, India. 
Sigma Chemical Co . , U.S.A. 
Fluka Ag, Buchs SG,, 
S w i t z e r l a n d , 
P f i z e r , , I n d i a , 
E. Merck. , W. Germany. 
Chemicals Source 
Ethanol (Absolu te) 
Ethylenediamine t e t r a -
a c e t i c Acid "EDTA" 
Fol in -phenol Reagent 
Glucuronic Acid (soditim s a l t ) 
G lyce ro l 
Hyaluronic Acid 
Hyaluronidase 
Immunoglobulin 'G' 
I s o - p r o p y l Alchol 
L a c t i c Acid 
Laury l Su lpha t e (sodium s a l t ) 
N-acetyl-D-Gluco samine 
NN'-Methylene Bisac ry lamide 
NNN•N»- te t ramethyl - l ,2 -
d i amino e thane 
0 valbumin 
P-Dimethylaminobenzaldehyde 
Potassium Ch lo r ide 
Potassium Hydroxide 
Potassium dihydrogen Phosphate 
Pyronin 'Y' 
B.D.H., I n d i a . 
B.D.H., I n d i a . 
SISCG L a b o r a t o r i e s , I n d i a . 
NBC, C l ay e land. , Ohio. 
B.D.H., I n d i a . 
Sigma Chemical Co . , U.S.A. 
CSIR Centre for B i o c h a n i c a l s , 
V.P. C h e s t . , I n d i a . 
Sigma Chemical Co . , U.S.A. 
B.D.H. , I n d i a . 
May & Baker. , England. 
Sigma Chemical Co . , U.S.A. 
Sigma Chemical Co. , U.S.A. 
B.D.H, , England. 
B.D.H, , England. 
Sigma Chanica l C o . , U.S.A. 
E, Merck, , W, Genaaany. 
E. Merck, , I n d i a , 
B,D,H, , I n d i a , 
B.D.H., I n d i a , 
Sigma Chemical Co . , U.S.A. 
Chemicals oource 
Pyruvic Acid 
Quinoline 
Sodium Acetate 
Sodium Azide 
Sodium Carbonate 
Sodium Chloride 
Sodium Hydroxide 
Sodium Potassium Tartarate 
Sodium tetraborate 
Sucrose 
Sulphur ic Acid 
Toluene 
T r i s(hydroxym e t h y l ) -
methylamine 
Urea 
Boehr inger Inge lhe im . , 
V/, Germany. 
Ward BlenKinsop. , London. 
Sarabhai M, Chemica l s . , I n d i a , 
E. Merck. , W. Germany. 
Sarabhai M, Chemica l s . , I n d i a , 
E, Merck, , I n d i a , 
B.D.H., I n d i a , 
Sarabha i M. Chemica l s . , I n d i a . 
B.D.H. , I n d i a , 
B,D.H., I n d i a . 
B .D.H. , I n d i a . 
B.D.H. , I n d i a , 
B,D,H, , England. 
E, Merck, , England, 
S i n g l e , double and t r i p l e d i s t i l l e d water was used wherever 
n e c e s s a r y i n a l l t h e exper iments . 
B, Apparatus/Instruments 
Thermo s ta ted Water Bath; Cal ibra t ion of pycnometer, viscometer, 
and conductivity c e l l ; measurement of densi ty , v iscos i ty and 
spec i f ic conductance were made using a thermostated water bath 
consis t ing of an immersion heater (250 V), s t i r r e r witn a para-
s t a t regula tor , contact thermometer, TGL A850 NAV = 0.03A Un = 
250 V (GDR). The Check thermometer (Germany) was NBS ca l ib ra ted 
having an accuracy of 0.1*^0, Such a change in temperature was 
control led by a Jumo type r e l ay GKU 10, 220V - 10A (Germany). 
The overa l l t«nperature s t a b i l i t y was found to be + 0.1°C, 
Pycnometer; A pycnometer, spec ia l ly fabr ica ted , consisted 
of a g lass bulb of 4.4575 ml capacity with a 0,01 ml divis ions 
graduated stem of 6,5 cm length and 2 mm diameter, which could 
be read iQjto 0,005 ml volume, was used for density measurements. 
Viscometer: A suspended l eve l cap i l l a ry viscometer was used 
for v i scos i ty measur^nents. I t was bas i ca l ly Ubbelohde v isco-
meter (Fig, 2) modified and fabr ica ted according to our r equ i re -
ments (Lesser volume and l a rge r time of f a l l ) . The viscometer 
consis ted of th ree p a r a l l e l arms. The middle arm known as 
measuring arm consisted of two bulbs B. and Bp. In between the 
two bulbs was a cap i l l a ry of 6,0 cm length and 0,1 cm diameter. 
The bulb B2 was sealed to another arm, termed as auxi l ia ry arm, 
F i g . 2 Schematic Diagram of Ubbelohde Viscometer. 
and to another big bulb B^ of capacity approximately 30 ml. 
The bulb B„ was connected to B, through a long jet going to 
2 •2 
its bottom. The third arm known as receiving arm, was sealed 
to the lowest bulb B,. The maintain the exact constancy of 
volume flowing through the capillary, there were two fiducial 
marks 'a' and 'b' on the measuring arm above and below the 
bxilb B^. The diameter and length of the capillary was chosen 
such that the time of fall (also called afflux time) for water 
at 25°C was above 100 seconds. In the design of the viscometer, 
care was taken to minimize the experimental errors especially 
when minimum amount" of solution was used for the measuroBents, 
Conductivity Bridge; Direct reading conductivity bridge (DRCKJ 
type-303, systronics (India) were anployed for the measurenents 
of specific conductance (1,0% accuracy). The conductivity cell 
used was PVC made with approximately unit cell constant in which 
two platinum electrodes were fitted. The lectrodes were coated 
with a thin film of potassium chloride to avoid polarization. 
Computer; Vax 11/780 computer was used for various calculations 
and least square fittings, 
METHODS 
Dis t i l l a t ion of Quinoline; In order to obtain pure and moisture 
free quinoline for the calibration of pycnometer and viscometer, 
the crude, dark-yellow quinoline was d i s t i l l e d repeatedly 
under reduced (20 mm) pressure and at 118-120 C temperatm 
u n t i l a colour less d i s t i l l a t e was obtained (Vogel, 1978). 
Preparation of vi t reous humour homogenate (VHH); Cat t le eyes 
col lec ted from the s laughter house, within half an hour of the 
s a c r i f i c e of the animals, were immediately dissected under cold 
condi t ion. An inc is ion through the sclera was made with a 
pointed and sharp sc i s sor to withdraw the aqueous humour. An 
equator ia l cut was made through the sc lera to ranove the lens 
and i t s capsxile. The v i t reous body was then pooled out and cut 
f ree from i t s attachments. Special care was taken to exclude 
any extraneous t i s s u e s . The vi t reous body was washed the gela-
t inous mass homogenized for 5-10 minutes at 2,000 rpm with the 
help of Teflon pis ton homogenizer and centrifuged at 10,000 rpm 
in a r e f r ige ra ted centr ifuge for about 15 minutes a t 4 C to 
remove f ibrous pro te ins and insoluble debr is . The viscous 
supernatant l i qu id cons t i tu t ing soluble par t was dialysed in 
t h e d i a l y s i s sacs (Sigma) agsdnst t r i p l e d i s t i l l e d water for 
18 hours continuously to remove the compounds of molecular weight 
upto 4,000, Constant s t i r r i n g with six hourly washings was done 
during the course of d i a l y s i s . 
To check any b a c t e r i a l growth, benzalkonium chloride 
0.02 percent as a p rese rva t ive , was added to the dialysed VHK, 
distributed in several bottles in desired quantities and 
stored at -4 C in a deep freezer. 
Each reagent bottle containing the VHH was thawed one 
day before the experiment. 
Preparation of stock solutions; Decimolar solutions of 
ascorbic acid, lactic acid and pyruvic acid were prepared as 
the stock solutions. Fresh solutions of experimental concen-
trations were prepared by diluting these solutions and added 
to the defrosted VHH in different proportions of water and 
various concentrations of reducing acids. The following four 
systems were made: 
1, VHH-Dilution with water 
2. VHH-Ascorbic acid 
3. VHH- Lactic acid 
4 , VHH- Pyruvic acid. 
These VHH solut ions a f t e r adding different concentrations 
of water and reducing agents were kept overnight at 10 C to 
complete the depolymerization or degradation i f any af te r which 
t h e i r physico-chanical p roper t i es were studied and various 
chemical cons t i tuents estimated with respect to the control 
so lu t ion (VHH- Water). 
Density Measurements; I t was done in the following s teps : 
(a) Cal ibra t ion of Pycnometer; A cleaned and dried pycnometer 
was weighed on an e l e c t r i c a l balance having 0,0001 gm s e n s i t i -
v i t y . D i s t i l l e d quinoline was f i l l e d in the pycnometer upto the 
lowest mark of i t s s tan. The diameter of the stan being small, 
a sui tably designed dropper was employed to t rans fe r the l iquid 
in to the pycnometer. The s t r i p s of Whatmann f i l t e r paper were 
used to clean the t r aces of l iqu id stuck witnin the stem. The 
weight of pycnometer was determined and i t was then suspended 
v e r t i c a l l y in a thermostated water bath . The temperature of the 
bath was ra i sed slowly. With the increase in tenperature , the 
meniscus of quinoline rose and i t coincided with different marks 
a t d i f ferent temperatures, Tne temperature corresponding to 
each mark, having been constant was recorded. Corresponding to 
the temperature a t each mark, the dens i t i e s of quinoline were 
ca lcu la ted with the help of the equation ( In te rna t iona l C r i t i c l e 
Tables) . 
/5= 1,1090-0.7542x10'^T - 0.1265x1o"^T^ - 0 . 8 x 1 o " V ( i ) 
whereto is the density, and T is the absolute temperature at 
each mark. The qiass and densities of quinoline at the desired 
temperatures were determined and the corresponding volume was 
calculated. 
On repeating the experiment with dif ferent quan t i t i e s 
of quinoline, the accuracy of density measurements were found 
t o be within + 0,05 percent , 
(b) Density of the VHH solu t ions ; The known mass of the VHH 
solut ion was f i l l e d in the cal ibrated pycnometer and clamped 
v e r t i c a l l y in thermostated water bath. The volume ofthe homo-
genate was measured at the desired temperatures and the density 
was calcula ted. 
Viscosi ty Measurements; 
(a) Cal ibra t ion of viscometer; Washed, cleaned and dried 
viscometer was f i l l e d with d i s t i l l e d quinoline. To prevent 
t h e absorption of moisture by the l i q u i d , a l l the th ree arras 
were connected to calcium chloride tubes . The viscometer was 
then clamped exactly v e r t i c a l in the thermostated bath maintain-
ed a t the desired temperature. To minimise thermal f luc tua t ions , 
t h e viscometer was allowed to stand for 30 to 45 minutes before 
measuring the time of f a l l . To s t a r t the experiment, the auxi-
l i a r y arm was closed while the receiving arm was connected to a 
vaccupet through a stopcock. With the help of vaccupet the 
l i q u i d was pressed into the measuring arm u n t i l the meniscus 
of the l iqu id crossed the upper f iduc ia l mark ' a ' . The stopcock 
was closed and vaccupet removed. After allowing few minutes to 
stabilize the level, the stopcock and the auxiliary anr. was 
opened. As a result the liquid started falling freely under 
gravity. The time of fall of the liquid from mark 'a« to 'b' 
was noted with the stop watch (0.1 second accuracy). It was 
repeared several times for nearly identical readings. Simi-
larly, readings for time of fall were recorded at temperatures 
25° to 50°C. 
The densities and viscosities of quinollne corresponding 
to these temperatures being known, a constant^characteristic 
of viscometer was calculated with the help of the following 
equation: 
^70/3 t (2) 
where "^  = viscosity of liquid in centipoise;/^= the density 
of liquid in gms/t; x = time of fall in seconds, and A = hgr / 
8lv which was found to be 0,00396 centistokes per seconds To 
check the accuracy of the viscometer the experiment was repeat-
ed with triple distilled water at the same temperature. On 
con5)aring the viscosities, thus determined, with those reported 
(Inter, Grit, Tables), The accuracy of the measurement was 
found to be within +1,0 percent, 
(b) Viscosity of the VHH solution; The VHK was filled in 
cleaned, washed and dried calibrated viscometer and clamped 
vertically in the thermostated water bath. The afflux time of 
the liquid was recorded at the temperatures 10° to 50°C. 
Conductivity Measurements: Direct Reading conductivity 
b r idge was employed for the specif ic conductivity measurements 
in the following manner. 
(a) Cal ibra t ion of the Conductivity Cel l ; The ca l ib ra t ion of 
the ce l l was made by measuring the ce l l constant with a standard 
decinormal solut ion of potassium chlor ide . At 30 C, the c e l l 
constant was found to be 14,12 millimohs. 
(h) Specific Conductivity of the VHH so lu t ions ; Measurements of 
spec i f i c conductivi ty of VHH solut ions were made by dipping the 
c lean and dry conductivity c e l l ( ca l ib ra ted) in to the solut ion 
and clamped in the thermostated ba th . The readings were recor-
ded at the desired temperatures a f t e r the attainment of thermal 
eqx>ilibrium, 
pH-Keasurements; pH-measur«nents were made using a pH-m^ter 
3 2 4 - sys t ronics ( India) with a g lass and a sa turated calomel 
e l ec t rodes , 
Cal jora t ion of pH-meter; The pH-meter were rou t ine ly ca l i b r a -
t e d with standard buffer t ab les pH 4,0 a t 25 C in ac idic pH 
range and with the standard buffer t a b l e t pH 9.2 at 25 C in 
alk^s^line range. 
pH-measuronents were made only a f t e r the ca l i b r a t i on of 
t h e pH-meter. 
Estimation of Glucuronic acid; Modified carbazole method 
(Dische, 19^7) was employed for the estimation of glucuronic 
acid in VHH solu t ions . Sodium glucuronate was used as standard. 
Procedure: The unknown sample containing glucuronic acid 
was d i lu tedto 1.0 ml with d i s t i l l e d water and t rea ted with 
5.0 ml of sodium t e t r abo ra t e reagent (0.023«1 in concentrated 
su l fur ic a c id ) . After thorough mixing, the solut ion was heated 
for 10 minutes in a boi l ing water bath and cooled to room tem-
pe ra tu re . 0.2 ml of carbazole solut ion (0.0125% in absolute 
ethanol) was added. The r e su l t i ng solut ion was heated for 15 
minutes in a boi l ing water bath and cooled, the absorbance was 
read at 530 nm on Bausch and Lomb (Roche) spectronic 20 spectro-
photometer. 
Estimation of N-acetyl-D-glucosamine: N - AG released by the 
ac t ion of Hyase was measured by the methods of Alfred e t ' a l , 
(1963) and Raising et a l , (1955) with the modification tha t the 
time of incubation was 3 hours ins tead of 1 hour used by Alfred 
e t a l , N-AG and HA were used as s tandards. 
Procedure: 0,1 ml of t e s t i c u l a r Hyase (1 mg/ml) in 0,1 molar 
ace t a t e buffer pH 3,8 were added to HA (1,2 mg/ml) in the same 
buffer and incubated for th ree hours a t 37°C. Control cons i s t -
ed of enzyme solut ion and HA solut ion , incubated separately and 
combined before incubation. At the end of this time 0.1 ml 
potassium tetraborate (0.8M, pH 9.1) were added to terminate 
the reaction and then diluted with the buffer to a final volume 
of 1.5 ml, 
N- AG released were determined, taking 0.5 ml from the 
above mixture and heated in a vigorously boiling water bath 
for exactly three minutes and cooled under tap water, 3.0 ml 
of P-DMAB reagent (prepared by dissolving 10 gms in a mixture 
of 100 ml glacial acetic acid and 12,5 ml of (lON.hCl) was 
diluted 1:10 with acetic acid immediately before use and stored 
in cold in a dark bottle, prepared freshly every week) were 
then added and immediately after mixing, the tubes were placed 
o in a water bath at 35-38 C, After precisely 20 minutes the 
tubes were cooled in a tap water end read without delay at 
585 nm on spectronic 20 spectrophotometer. 
Estimation of proteins: The proteins were estimated in the 
VHH solutions by the method of Lowry et al, (1951). Bovine serum 
albumin was used as standard. 
Procedure; Suitable aliquots of protein solution were diluted 
to 1,0 ml with distilled water. To this was added freshly pre-
pared copper reagent (prepared by mixing in 1:50 ratio of 0,5% 
w/v copper sulfate in 1,0% sodium potassium tartarate and 2,0% 
w/v sodium carbonate in 0.1N sodiiam hydroxide). After incuba-
t i on a t room temperature for 10 minutes, 0.5 ml of 1.0N . 
Folin-^henol reagent was added and tne tubes were ins t an t ly 
vortexed. ^Absorbance of the developed coloxor was measured 
a f t e r 30 minutes a t 660 nm against a reagent blank in spectro-
n i c 20 spectrophotometer. 
The t o t a l soluble prote ins were estimated in VHH -
ascorbic acid» VHH- l a c t i c acid , VHH- pyruvic acid systems at 
a l l the concentrations oi the reducing agents usee on these 
systons . Addition of these acids caused formation of t u rb id i ty 
in the systems when higher concentrations of the reducing com-
pounds were used. The incubation mixtures were centrifuged, the 
p r e c i p i t a t e and the supernatant l iqu id f rac t ions were separated. 
Prote in estimation in both, the supernatant and the p r e c i p i t a t e , 
were made separa te ly . The l a t e r was dissolved in 0.5 ml of 8.0M 
urea p r i o r to estimation. 
SDS-Polyacrylamide - gel Electrophoresis "PAGE" : Electrophore-
s i s was carr ied out on a d i sc , gel e lec t rophores is apparatus 
with a power supply (Shandon, London). The overa l l approach was 
t h a t of Fairbanks et a l . (1971) with s l i gh t modifications. For 
g e l polymerization was followed general ly the a l t e rna t i ve p ro -
cedure of Davis (1964), Concentrated stock solut ions were mixed 
i n the appropriate order and proport ions (Table 1) and added to 
10 cm long tubes of 7 mm diameter t ha t have been cleaned by wash-
ing with hot SDS. Each column (heigiit 85 mm) was overlaid with 
20 p,l d i s t i l l e d water. When polymerization was coEplete the top 
of the gels overlaid about 0,5 ml of electrophoresis buffer. 
The gels were l e f t to stand for a t l e a s t 12 hours. Electrophore-
s i s was performed with the e l e c t r i c current at a r a t e of 5 mA 
per tube. The tubes were removed from the electrophoret ic appa-
ra tus as the Pyronin 'Y' t racking dye band reached a mark 7,5 cm 
from t h e i r o r i g in . The pos i t ion of the tracking dye was marked 
i n each gel by pricking a th in wire. 
In addi t ion, the SDS-PAGE of marker prote ins were also 
car r ied out with s l i gh t modifications according to the meti'XDd of 
Weber and Osbom(l969) for the ca lcula t ion of molecular weights 
of VHH pro te ins . 
The ge ls were s ta ined for pro te ins with coomassie 
b r i l l i a n t blue R-250. They were placed in the glass tubes to 
which were added, the f ix ing , s ta in ing and destaining so lu t ions . 
The solut ions were kept a t 37 C or a t room temperature for the 
s t a t ed time. The gels were suspended in a solut ion of 0,025 to 
0,05 percent coomassie blue in 25 percent isopropyl alcohol and 
10 percent ace t i c acid (overn ight ) , then in the solution contain-
ing 10 percent isopropyl a lcohol , 10 percent ace t ic acid and 
0,0025 to 0.005 percent coomassie blue (6-9 hours) . After t h i s , 
the gels were t r ea ted with a solut ion of 10 percoi t acet ic acid 
and 0,0025 percent coomassie blue and allowed to stand overnight. 
The gels were f ina l ly destained with 10 percent acet ic acid. 
Photography: Gels stained with coomassie blue were photo-
graphed with the help of a camera Exakta-IIa Varex Thagee 
Dresden (Germany) SLR f » 2,58 Biotar multielimented, mul t i -
coated planoachromatic 50 mm lens on ORWO, ASA 125 film under 
i l luminat ion using a red f i l t e r . 
Table - 1. Formulae lor stock solutions, buffer and gels. 
Stock solutions: 
A, Concentrated Acrylamide Bisacrylamide "Ac.Bis" ; 
Acrylamide (Ao g), 
Bisacrylamide (1.5 g), 
'J f^ -^ - x r\/^ „ , -1 
B. 10 X Buffer (pH 7,k) 
1.0 M T r i s (40 ml) 
2 . 0 M Sodium a c e t a t e (10 ml) 
0.2 ¥i EDTA (10 ml) 
Ace t i c ac id t o pH 7 .4 
H2O t o 100 ml. 
2O70 (w/w) SD3 
1.5?^ (w/v) ammonium p e r s u l f a t e 
0.570 (v /v ) TEMED 
C. E l e c t r o p h o r e s i s Buffer (pe r l i t r e ) 
10 X Buffer (100 ml) 
20% SDS (10 ml) 
H2O t o 1.0 l i t r e 
Tab le - 1 (Contd. ) 
D, Sample Buffer 
1,0>^ Sucrose 
^,0% SDS 
1.0 ml (1.0M Tris-HCl pH 6 .8) 
1.0 mM EDTA/100 ml 
40 ,0 mK - Mercaptoethanol /100 ml 
10.0 Microgram Pyronim 'Y' 
H2O t o 100 ml. 
E. Gels (7% i n acrylamide p e r 10,0 ml of s o l u t i o n ) 
Gone. Ac .Bis , «A' ( 1 ,7 ml) 
10 X Buf fe r , 'B« ( 1 . 0 ml) 
20?^ SDS ( 0 . 5 ml) 
H2O (4 .3 ml) 
1,5% ammonium pe r ( 2 , 0 ml) 
s u l f a t e 
0.5% TH^ IED ( 0 . 5 ml) 
CHAPTER III 
RESULTS 
Effect ci recacing compounds which include ascorbic 
acid, lactic acid and pyruvic acid was studied on density, vis-
cosity, specific conductance, activation energy and the thermo-
dynamic parameters of VHH using various concentrations of reduc-
ing compoiinds at different temperatures. Their effect on the 
concentrations of N-AG, GA, total proteins and electrophoretic 
pattern of soluble vitreous proteins under SDS-FAGE had also 
been studied. 
VHH was subjected to different dilutions with water in 
order to study the effect of water molecules on VHH which 
served as control for the other three systans. 
The densities of various systans studied are found to 
vary linearly with temperature and therefore, fitted to the 
linear equation, 
/>- a - b T . . . ; (3) 
where P , stands for the density, T, for the absolute teoapera-
ture; while ' a ' and 'b* are the empirical parameters. 
The viscosi t ies were calculated using the equation, 
\ -/>/3t . . . . (2) 
In order to find out the flow behaviour of the systems 
natural logarithm of viscosities were plotted against the reci-
procal of tanperature (Figs , 3 a , b , c , d ) , The ac t iva t ion energies 
were obtained frcxn the slope of such p l o t s as well as from the 
following equation, 
\ ' A.^  e^{/^^ . . . . (A) 
where V , stands for the v i s c o s i t y , A^ , the pre-eaqjonential 
of the frequency fac to r , E >, , t he ac t iva t ion energy, R, the 
gas constant , and T, the absolute tenpera ture . 
The densi ty and v i s o s i t y data have been used to calcu-
l a t e the various th.ennodynamic parameters, namely, Gibb's 
f ree energy, A G, enthalpy, A H and entropy of flow, A S, 
for a l l the systems. 
These parameters were ca lcula ted using the Eyring's 
equation, 
^.Vp-^^.c4^j . . . . (5 ) 
where 'O »^»/^» N, h and M are theIdnematicviscosity, viscosity 
density, Avogadiro Number, Planck's constant and molecular 
weight, respectively. 
The differentiation of logarithm of equation (5) with 
respect to T and use of thermodynamic relation yield the follow-
ing relationship. 
Fig. 3a. Natural logarithm of viscosity of 
VHH- water system againsx reciprocal 
of temperature. 
0-313 0-323 0-333 
1 / T X 1 0 " 2 ( O K ) 
0-343 0-353 
Fig. 3t). Natural logarithm of viscosity of 
VHK- ascorbic acid system against 
reciprocal of temperature. 

Fig. 3c. Natural logarithm of viscosity of 
VHH- lactic acid system against 
reciprocal of temperature. 

Fig. 3d, Natural logarithm of viscosi ty of 
VHK- pyruvic acid system against 
rec iproca l of temperature. 

A H « - RT "" ^ ^ ^ . . . . (6) 
enthalpy of flow. A H was calcula ted from equation (6 ) , 
The ind i rec t method of ca lcu la t ing the ac t iva t ion 
energy of flow (Angel et a l . , 1967) has been used for calculat-
ing the Gibb's free energy of flow, A G. 
* 
The entropy of flow, A S was calcxilated using the 
following re la t ionsh ip 
A S - . . . . C7} 
EFFECT OF DILUTION WITH WATER 
Density; The densities show the usual trend of decrease in 
their values with dilution or increaise in temperature, 
(Table 2). 
Viscosity: The viscosity of undiluted VHH was found to be 
approximately twice to that of water (Table 3)» It showed a 
rapid decrease when diluted with water i.e. around 50 percent 
loss in viscosity was observed uniformly throughout the entire 
range of dilutions studied (Fig. 4). 
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T a b l e - 3 V i s c o s i t i e s ( cen t ipo i se ) of VHH and VHH- water 
(Con t ro l ) as a func t ion of t e m p e r a t u r e . 
VHH- water 
( 8 : 2) 
3.0221 
2.6237 
2.3057 
2.0163 
1.7790 
1.39^9 
1.2471 
Temperature 
(OK) 
283.15 
288.15 
293.15 
298.15 
303 .15 
308.15 
313.15 
VHH 
3.2810 
2.8230 
2.4946 
2.1956 
1.8824 
1.7045 
1.5056 
Fig, 4, Viscosity (Centipoise) of VHH against 
i t s water d i lu t ions 0-100 percent at 
10 , 25 aJ^ Q 50 cent igrade. 
0 20 ^0 60 80 100 
WATER PERCENT 
Specific Condv-ic^ance; The specif ic conductance has been 
found to increase at 10 and 20 percent d i lu t ions of the VHi-i, 
while a sharp decrease was observed at 30 percent d i lu t ion and 
then showing an almost constant value with further successive 
d i l u t i ons (Fig. 5) , 
Act ivat ion Energy; The ac t iva t ion energy of VHH has been 
found to decrease v/ith increase in d i lu t ion (Fig, 6) and u l t i -
mately becoming constant in the d i lu t ion range, 70-100 percent . 
Thermodynainic Parameters; 
Gibb's free Energy. A^G and Enthalpy of flow. AH; F i ; . 7 
shows a gradual decrease in the value of Gibb's free energy of 
t h e VHH up to 70 percent d i lu t ion and eventually becoming constant. 
Gibb's free energy has been found to decrease with increase in 
temperature of the system. Similar t rend has been found for the 
enthalpy of flow (Fig. 8 ) . 
A * O 
Entropy of flow. -^ S; At 10 C the entropy decreased rapidly 
with increase in d i lu t ion v;ith water. At 25 C a slov/ decrease 
i n entropy was observed upto 40 percent d i lu t ions , whereafter 
no pe rcep t ib le change was recorded with further successive d i l u -
t i o n s . However, a t 50°C there v;as a marked change in the 
Fig. 5 Activation Energy of v i scos i ty (Kilo-
ca lo r i e s per mole) of VHH against i t s 
water d i lu t ions 0-100 percent . 
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(^e)0UJiDD>))A9aaN3 NOIiVAIiOV 
Fig. 6 Gibb's free Energy of flow, /\G (Kilo-
ca lo r i e s per mole) of VHH against i t s 
o 
water d i lu t ions 0-100 percent a t 10 , 
25 and 50 cent igrade. 
0 20 AO 60 80 
WATER PERCENT 
100 
•it-
Fig, 7 ]:2ithalpy of flow, A H (Kilocalor ies 
per mole) of VHK against i t s water 
o o 
d i lu t ions 0-100 percent at 10 , 25 
^ o . , 
ana 50 centigrade. 
{^_eioaiiDD>i)H^V 
-X-
Fig. 8 Entropy of flow, A S (Kilocalories 
per mole per degree) of VKH against 
its water dilution 0-100 percent at 
10°, 25° and 50 centigrade. 
20 Z»0 60 80 100 
WATER PERCENT 
pattern of behaviour showing a regular increase in entropy 
with dilution of the VHH (Fig. 9). The increase in entropy 
with tenperature is understandable physically in terms of 
increase in randomness with temperature. 
EFFECT OF ASCORBIC ACID 
Density; Table 4 shows the densities of VHH-ascorbic acid 
system at various temperatures using different concentrations 
of ascorbic acid. As expected, the densities of the syst«n 
showed a \iniform decrease with increase in the ^concentration of 
ascorbic acid. 
Viscosity; A gradioal decrease in the viscosities of VHH when 
incubated with 0.4-0,8 nW/l of ascorbic acid was observed. This 
was followed by a rapid decrease in the values of viscosities 
when 1,0-1,6 mM/l ascorbic acid concentrations were used in the 
system. However, no change in the viscosities was exhibited with 
further increase in the concentration of ascorbic acid (Fig, 10), 
Specific Conductance; The specific conductance showed a dec-
rease with increase in the concentrations of ascorbic acid \xpto 
0.4-0,6 oH/l followed by a rapid increase at 0.8-1.6 mM/1 of the 
acid. Further addition of ascorbic acid to VHH had negligible 
effect on the specific conductance (Table 5), 
Fig, 9 Specific conductance (inillimohs per 
centimeter) of VHK against its water 
o o 
dilutions 3-100 percent at 10 , 25 
and 50 centigrade. 
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Activation Energy; The activation energies of the VHH-
ascorbic acid system had shovm some interesting observations 
(Fig. 11). Initially an increase in the values of activation 
energy was observed upto a concentration of 0.8 mM/1 of ascor-
bic acid. This was followed by its sudden decrease vQjto a con-
centration of 1.6 mM/1. A maximum was observed at 0.8 mM/l of 
ascorbic acid. Further increase in the concentration of acid 
had no effect on the activation energy (Fig. 11). 
Thermodynamic Parameters: 
Gibb's free Energy of flow. A G: The A G was found to 
increase in the range 0,4-0.8 nW/1 concentrations of ascorbic 
A * 
acid followed by a decrease in the value of A G upto 1,2 mM/l, 
thereby giving a maximum of A G at 0.8 mM/1 (Fig. 12), Further 
increase in t he concentrat ion of ascorbic acid does not seem to 
af fec t the A G values, 
A * 
Enthalpy of flow. A.H; Fig, 13 shows two sharp maxima, one 
at 0.4 mM/1 and other at 0.8 mM/1 of ascorbic acid giving two 
minima; one at 0,5 mM/1 and the other at 1,2 mM/1 of the acid. 
A* 
No appreciable change in the ^ H was observed on further incre-
ase in the concentration of ascorbic acid. 
Entropy of flow. A S: An increase in concentration of ascor-
bic acid results in increasing A S until a maximum is reached 
Fig. 11 Activaoion Energy of viscosity (Kilo-
calories per mole) oi VHK against its 
incubation with 9.4-5,0 milliraole per 
litre of ascorbic acid concentrations. 
(^_aioujiDD>i)x9a3N3 NOIiVAIiDV 
Fig. 12 Gibb's free Energy of flow, J\G (Kilo-
calories per mole) of VHH against its 
incubation with 0,'^ i--5.0 millimole per 
litre of ascorbic acid concentrations 
ax 10 - 50 centigrade. 
(^_eiouj-iDD>j) 9^v 
* 
Fig. 13 Enthalpy of flow, Z^ H (Kilocalories 
per mole) of VHH against its incubation 
with 0.4-5,0 millimole per litre of 
Lscorbic ac, 
centigrade. 
asco cid coneentrai;ions at 10 - 50 
(^.eiouj iDD • >i) H^ v 
at 0.75 mM/l followed by a regular decrease (Fig, 14). Sucr. 
a maximum was observed at all the temperatures. There seems to 
be a regular increase- in randomness with increase in temperature 
of the system. 
EFFECT OF LACTIC ACID 
Density; The computed densities of VHH obtained at desired 
temperatures showed uniform decrease (Table 6) with increase in 
concentration of lactic acid. 
Viscosity: Incubation of lactic acid with the VHH caused a 
continuous decrease in the viscosity of the system (Fig, 15). 
The decrease in viscosity continued upto 1,0-2.0 EM/I of the 
acid beyond which no perceptible change was recorded. An infla-
tion in the viscosity curve was noticed around 0,1-0.8 mK/1 of 
the acid concentration. 
Specific conductance; Specific conductance seemed insensitive 
to small variations of lactic acid concentration, 0,1-0,6 mM/1. 
However, a slow increase in the data was observed in the concen-
tration range, 0,8-1.0 mM/l of the acid while a re$)id increase 
was recorded in the concentration range 1,2 to 12,0 mM/1 (Table 7) 
Activation Energy; The activation energy shows a decrease in 
the concentration range, 0,1-0.4 n^ »/l of lactic acid while an 
Fig. 14 Entropy of flow, /^ S (Ki localor ies 
per mole per degree) of Vffii againsX i t s 
incubation r-:Lz.- j . " - - 5 « 0 millimole per 
l i t r e of asccrcic acid concentrations 
o o 
a t 10 - 50 cent igrade. 
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Fig. 15 Viscosity (centipoise) of VHh against 
its incubation with 0,1- 12.0 millimole 
per litre of lactic acid concentrations 
at 10°, 20*^ , 30°, i+0° and 50° centigrade. 
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i n c r e a s e i n t h a t of 0 . 4 - 1 . 0 Hil'./i. Success ive a d d i t i o n s of l&ct ic 
a c i d show a r e g u l a r decrease in the a c t i v a t i o n energy of tlie 
s y s t e m . ( F i g . 16) . 
Thermodynainic Parameters ; 
G i b b ' s f r e e Snergy. A G and Enthalpy of f low. A H: The A G 
v a l u e s of VHH-1 a c t i o ac id system have been found t o decrease i n 
t h e c o n c e n t r a t i o n range 0.1 - 0 . 4 nM/l of l a c t i c ac id followed by 
an i n c r e a s e r e s u l t i n g i n two maxima (F ig . 17 ) , one a t 1.0 nin/1 
and ano the r a t 1,8 mM/1 of t h e ac id . The p a t t e r n i n t h e behaviour 
of A H (F ig , 18) has-been found t o be s i m i l a r t o t h a t A G. 
Ent ropy of f low, A S: F i g , I9 shows an i n c r e a s e i n the A S 
v a l u e s wi th i n c r e a s e i n l a c t i c ac id c o n c e n t r a t i o n u n t i l a maximum 
i s reached a t about 1.10 vM/1 of t h e ac id . I t was followed by a 
d e c r e a s e i n t h e c o n c e n t r a t i o n range , 1 . 8 - 12.0 mM/1 of l a c t i c ac id . 
EFFECT OF PYRUVIC ACID 
D e n s i t y ; The d e n s i t i e s (Table 8) of t h e VHH-pyruvic ac id system 
showed t h e u s u a l dec rease wi th i n c r e a s e i n c o n c e n t r a t i o n of t h e 
a c i d . 
V i s c o s i t y ; I n i t i a l slow decrease i n t h e v i s c o s i t i e s of VHH-pyru-
v i c a c i d system recorded i n t h e range , 0 .38-1 ,15 mM/l of pyruvic 
i-lg, Activation Energy o£ viscosity (Kilo-
calories per mole) of YHH against its 
incubation with 0.1-12,0 millimole per 
litre of lactic acid concentrations. 
(^_eiouj]DD>i)x9d3N3 N0I1VA113V 
Fig. 17 Gibb's free Energy of flow, ^ G (Kilo-
c a l o r i e s per mole) of VHH against i t s 
incubation with 0.1-12.0 millimole per 
litre of lactic acid concentrations at 
o o 
10 -50 centigrade. 
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Fig, 18 Enthalpy of flow, A K (Kilocalories 
per mole) of VKK against its incubation 
with 0,1-12.0 millimole per litre of 
lactic acid concentrations at 10 and 
50 cenxigrade. 
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Fig. 19 Entropy of flow, i^ *S (Kilocalories 
per mole per degree) of VHH against 
its incubation with 0.1-12.0 milli-
mole per litre of lactic acid concen-
trations at 10 -50 centigrade. 
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acid (Fig, 20) w^ is followed by a rapid decrease in the range, 
1,6-3.2 BDM/1 of t.he acid. The values of the viscosity roaained 
constant when further addition of pyruvic acid was made, -
Specific Conductance; The specific conductance showed gradual 
increase in solutions containing 0.38-1,60 n^/1 of pyruvic acid. 
This was followed by a rapid increase in those of 1.92-3.20 mM/1 
of the acid. Further addition of the acid concentration showed 
again an increasing trend (Table 9), 
Activation Energy> Activation energy showed initial decrease in 
solutions containing 0.38-0.76 nM/l of pyruvic acid, followed by 
an increase in those containing 1,15-1.92 n*l/l of the acid. 
Further successive additions of the acid showed decrease in the 
activation energy (Fig. 21). 
Thermodynamic Parameters: 
Gibb's free Energy. A Q and Enthalpy of flow, A Ht The A G 
showed initial decrease (Fig, 22) in solutions containing 0.38-
0,76 BDM/I of pyruvic acid, followed by an increase in that of 
1,92 n^/1 of the acid, and eventuaGJ.y giving idse to a maximum 
at 1,92 mW/l of pyruvic acid due to decrease on further addi-
tions. The results of ^ H were found to be similar to those 
•obtained in the case of A G (Fig. 23). 
Fig. 20 Viscosity (centipoise) of VHK against 
its incubation with 0.38-19.82 millimole 
per litre of pyruvic acid concentrations 
o o c c ^' 
at 10 , 20 , 30 , AO and 50" centigrade. 
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' i g , 21 Activation Energy of v i scos i ty (Kilo-
ca lo r i e s per mole) of VHH against i t s 
incubation with 0.38-19.32 millimole 
per l i t r e of pyravic acid concentra-
t i o n s . 
(ejooj ]DD>j) A9d3N3 NOIiVAI lOV 
Fig. 22 Gibb's free Snergy of flow, /A G (Kilo-
ca lo r i e s per mole) ox ''JBH against i t s 
incubation with 0 . 3 8 - 19.82 millimole 
per l i t r e of pynivic acid concentrations 
o c 
a t 10 -50 cent igrade. 
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Fig. 25 Enthalpy of flow, /s, H (Kilocalories 
per mole) of TnH against i t s incubation 
with 0,38-19,82 i^illimole per l i t r e O-
pyruvic acid concentrations at 10^ and 
_ o 
50 centigraGe. 
( ^_eiouj-iDD>i) H V 
* Entropy of flow« A s ; The A s va lues of VHH-pyruvic acid 
system showed i n i t i a l dec rease when 0 .38-0 .76 mM/l of pyruvic 
a c i d was incuba ted wi th VHh. 
F u r t h e r a d d i t i o n s caused an I n c r e a s e i n t h e entropy of 
f low, A S followed by a r e g u l a r dec rease when t h e acid concen-
t r a t i o n i n t h e system was i n c r e a s e d beyond 1.92 mM/l, g iving 
r i s e t o a maximum a t 1.92 raM/1 of t h e ac id . This t r end of 
ent ropy was uniformly observed a t a l l t empera tu res (F ig . 2k), 
GLUCURONIC ACID CONTENTS OF VHH 
E f f e c t of Ascorbic a c i d : I n c u b a t i o n of VHH wi th 0 .4 ni4/l -
5 .0 J#i/1 a scob ic ac id c o n c e n t r a t i o n s has r e s u l t e d i n cont inuous 
i n c r e a s e of GA of t h e system (Table 10 ) . 
E f f e c t of L a c t i c a c i d : Table 11 shows t h a t t h e a d d i t i o n of 
l a c t i c ac id i n 0 .1 - 12,0 mM/l c o n c e n t r a t i o n s caused an i n c r e a s e 
i n t h e GA c o n t e n t s of VHH-lactic ac id system. 
E f f e c t of Pyruvic a c i d ; Table 12 shows a cont inuous i n c r e a s e 
i n GA c o n t e n t s of VHH, when incuba ted w i th 0 .38-19 .82 mM/l of 
t h e pyruv ic a c i d , 
N-ACETYL~D-GIJJCOSAMINE CONTENTS OF VHH 
No e f f e c t of t h e s e a c i d s was found on t h e N-AG con ten t s 
of VHH, 
Fig, 24 Entropy oX flow, .cj. S (Kilocalories per 
mole degree) of VHH agajjist its incuba-
tion with 0.38-19.82 millimole per litre 
o 
of pyruvic acid concentrations at 10 -
50 centigrade. 
^50°C 
<:30 C. 
- ^ 20T 
15°C 
_010"C 
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PYRUVIC ACID CONCENTRATION ( m M / l ) 
200 
Taole - 10. Glucuronic o.cid concentration of VMi ^t 
d i f ferent concentrations of ascorbic ciCia. 
Ascorbic acid concentration Glucuronic acid 
(mM/1) ifJ<g/ml) 
0.00 338 .14 
O.AO 3^0.12 
0 .50 345.60 
0.60 350.52 
0 .80 355.40 
1.00 359.48 
1.20 366.36 
1.40 371.52 
1.60 395.60 
3 .00 412.80 
5.00 457.52 
T a b l e - 11 Glucuronic ac id c o n c e n t r a t i o n of VKH 
a t d i f f e r e n t c o n c e n t r a t i o n s of l a c t i c 
a c i d . 
L a c i t i c ac id concen t r a t i on 
(mKi/1) 
0 .00 
0.10 
0 .20 
O.AO 
0 .60 
0 .80 
1.00 
1.20 
1.A0 
1.60 
1.80 
2 .00 
4.00 
8 ,00 
12.00 
Glucuronic ac id 
(j4g/ml ) 
338.14 
342.60 
356.92 
366.36 
388.92 
395.60 
412.80 
419.68 
457.52 
481.60 
536.64 
548.40 
560.00 
572.31 
584.50 
T a b l e - 1 2 Glucuronic acid concentration of Vt.H 
a t different concentrations of pyruvic 
acid. 
Pyruvic acid concentration 
(mM/l ) 
0.00 
0.38 
0.76 
1.15 
1.60 
1.92 
2.36 
3,20 
3.84 
12.00 
19.82 
Glucuronic acid 
( / \ g / ml) 
386.14 
352.60 
366.36 
371.52 
412.80 
436.80 
464.40 
536.36 
581.36 
663.92 
749.92 
PROTEIN" CONTENTS OF VHH 
Effect of Ascorbic acid; Addition of ascorbic acid to tne 
VHH upto the concentration of 0.8 mM/1 did not cause any turbi-
dity. Further addition of ascorbic acid developed a turbidity 
in the VHH-ascorbic acid system. Protein contents in the 
turbid as well as in the supernatant fractions are shown in 
Fig. 25, The protein content in the turbidity went on increas-
ing whereas that in the supernatant decreased with the increase 
in the content of ascorbic acid. 
Effect of Lactic acid; Addition of 1,0 mM/l or more than that 
of lactic acid caused the formation of increasing turbidity in 
the VHH-lactic acid systan. Fig, 26, shows that the protein 
content in the precipitate continued increasing and that in the 
supernatant had secreased with the increasing concentrations of 
lactic acid. 
Effect of Pyruvic acid; Pyruvic acid addition to the VHH in a 
concentration of 1,6 mM/l and more than that has developed the 
increasing turbidity in the VHH-pyruvic acid system. Results 
of the VHH-pyruvic acid systoai are quite similar to those obtain-
ed with ascorbic acid and lactic acid (Fig, 27). 
Fig, 25 Total protein contents both in the super-
natant and in the precipitate fractions 
(microgram) of VHH against its incubation 
with 0.4-5.0 millimole per litre of ascor-
bic acid concentrations. 
200 
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Fig, 26 Total prote in contents both in the 
supernatant and in the p r e c i p i t a t e 
f rac t ions (riiicrograin) of VHK against 
i t s incubation with 0.1-12,0 m i l l i -
ffiole per l i t r e of l a c t i c acid concen-
wravxcns, 
^ (6W) N13i0dd 
Fig. 27 Total protein contents both in the 
supernatant and in the precipitate 
fractions (microgra::.) of VHH against 
its incubation wnrth 0.5ve- 19.S2 Eiili-
mole per litre of pyruvic acid con-
centrations. 
(6W) NI3iOdd 
SDS - PAGE OF Yhti PROTEINS 
The non-co l lagenous p r o t e i n s of v i t r e o u s humour when 
e l e c t r o p h o r e s e d produced 15 bands on 7 pe rcen t ge l (F ig , 28) . 
The m o b i l i t i e s of d i f f e r e n t p r o t e i n bands wi th r e s p e c t to t h a t 
of t h e t r a c k i n g dye were c a l c u l a t e d fo r t h e p r o t e i n bands of 
VHK-ascorbic a c i d , VHH-lactic a c id , VHH-pyruvic ac id systems. 
The Rjii va lue s of v a r i o u s p r o t e i n bands were converted i n t o mole-
c u l a r weights wi th t h e he lp of a l i n e a r c a l i b r a t i o n curve 
( F i g . 29) f i t t i n g t h e equa t ion ; 
logM - -1 .516 Rro + 5.378 . . . . (8) 
The curve was ob ta ined wi th t h e he lp of marker p r o t e i n s 
l i s t e d i n t a b l e 15. 
The exper imenta l u n c e r t a i n t y i n t h e measurement of % 
i n t h e s e s t u d i e s were w i t h i n 10 p e r c e n t ; t h e average experimental 
e r r o r be ing 4 p e r c e n t . F i g . 28 shows t h e e lect rophoretogram of 
u n t r e a t e d normal VHH water s o l u b l e p r o t e i n s . F i f t e e n coomassie 
b r i l l i a n t b l u e s t a i n a b l e p e p t i d e bands wi th d i f f e r e n t r e l a t i v e 
m o b i l i t i e s were ob ta ined (Table 14) , Out of t h e s a id f i f t e e n 
bands four were prominent and eleven bands appeared f a i n t on 
t h e e l ec t rophore tog ram. 
Fig, 28 Electrophoretogram of nomial untreated 
VKH showing f i f teen Coociassie B r i l l i a n t 
blue s ta inable Peptide bands. 
1 
2 I 
8 
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II 
12 
13 
»5 
F i g . 29 Logaritrjn of Molecular weight of f i v e 
Marker P r c t e i n s (1) <:\-ChyinotrypsirxO-
gen (2) Cvalousin (3) Bovine Serum 
Albui^i:. (! >.:"«_:ier) (4) Bovine Seroni 
Albumin (Dimer) (5) Imniunoglobulin ' G ' , 
a g a i n s t x h e i r r e l a t i v e m o b i l i t i e s . 
iH9l3M aVinOBIOlN 901 
Table - 13 Molecular weights and R e l a t i v e M o b i l i t i e s 
of Marker P r o t e i n s . 
p . . Molecular Mr Log. M R e l a t i v e 
frozein weight (M) Mobi l i ty 
R^ ' 
oC-Chymotrypsinogen 25,700 4.41 0.63 
Ovalbumin 47,000 4.65 0.47 
Bovine Serum Albumin (Monomer) 66,000 4.82 0.36 
Bovine Serum Albumin (Dimer) 132,000 5.12 0.19 
Immunoglobulin 'G» 150,000 5.17 0.11 
_ . 1 . . , • f . 
* Values t aken from Weber and Osbom {I969) . 
Table - 14 Molecular weights and R e l a t i v e ^ ' ;obi l i^ ies 
of VPiH P r o t e i n s . 
P e p t i d e 
Band 
I 
I I 
I I I 
IV 
V 
VI 
VII 
VI I I 
IX 
X 
XI 
XII 
XI I I 
XIV 
XV 
R e l a t i v e K o b i l i t y 
•R 
0.02 
0.07 
0.10 
Urn > 1 
0.14 
0.17 
0.20 
0.26 
0.30 
0.35 
0.42 
0.48 
0.60 
0.72 
0.78 
Molecular weight 
(Kda) 
222.6 
167.0 
168.4 
146.4 
131.9 
118.8 
93.3 
83.8 
70.3 
55.1 
44.7 
29.4 
19.3 
15.6 
VHH after being treated with different concentrations 
of ascorbic acid were electrophoresed. Figs. 33 a,b shows 
ten gels of electrophoretogram using ten different concentra-
tions of ascorbic acid in the incubation mixture. Table 15 
shows the average R^ values with their molecular weights from 
the electrophoretogram under reference. Six major and promi-
nant bands were observed throughout the various concentrations 
of ascorbic acid without any prominent cnange and rest of the 
protein bands remained faint. Band XIII disappeared when the 
VHH was incubated with 1.6-5.0 mM/1 of ascorbic acid. 
Non-collagenous proteins of VHK after treatment with 
different concentrations of lactic acid were subjected to PAGE. 
Electrophoretograms thus obtained are depicted in Figs. 5la,b,c 
respectively. The average Rm values and their molecular weights 
are recorded in Table 16, Gel A is of normal xintreated VHH 
sample, whereas others represent those of increasing concentra-
tions of lactic acid. Comparison of the gels of lactic acid 
treated samples to that untreated with lactic acid has shown 
a significant change in peptide band XII, This band appeared 
prominent and remained unchanged at the higher concentrations 
of lactic acid. At 12,0 mM/l concentration of lactic acid, 
it again became faint, 
Electrophoretogram of VHH proteins obtained after 
pyruvic acid treatment in its various concentrations have been 
Fig, 30a Electrophcretogram of VHH incubated 
with 0 .4 , 0 .5 , 0 .6 , 0 .8 , 1.0, 1.2 and 
1,4 millimole per l i t r e of ascorbic 
acid concentrat ions. The respect ive 
g e l s : B, C, D, E, F, G»and H shov 
peptide bands appea^red a t tnese concen-
t r a t i o n s , 
M 
H 
Fig, 30b Electrophore'pogram of '/HH incubated with 
1.6, 5.0 and 5.0 milliiBole per litre of 
ascorbic acid concentrations. The res-
pective geXs; I, J and K show peptide 
bands appeared at these concenxrations. 
r 
Table - 15 Molecular we igh t s and Average R e l a t i v e 
M o b i l i t i e s of p r o t e i n s of VHH-Ascorbic 
a c i d system. 
P e p t i d e 
Band 
I 
I I 
I I I 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XI I I 
XIV 
XV 
Average 1 
M o b i l i t y 
0.002 
0,006 
0.007 
0.01 
0.03 
0 .04 
0.12 
0 .24 
0 .28 
0 .34 
0 .40 
0 .45 
0 .55 
0.67 
0 .69 
to 
Molecular 
weight (Kda) 
237.1 
233.8 
233.0 
230.6 
215.0 
207.6 
157.0 
103.3 
89 .8 
72 .9 
59.1 
49.7 
35.0 
23 .0 
2 1 . 4 
Fig, 31a Electrophoretogram of VHH and VHH Incuba-
xed with 0 . 1 , 0 .2 , O .H, 0 ,6 , 0.8 anc i.^-
i i i i l i iaole per l i t r e of l a c t i c acid concen-
t r a t i o n s . The respect ive g e l s : A^  B, C. 
D, 5, F and G show peptide bands appecire-i 
a t tnese concentra t ions . 

Fig, 31t> ElectrophoretcgraiL of Tizr. incubated witr. 
1.2, 1.4, 1.6, 1.8 ar.d 2.0 millimole per 
l i t r e of l a c t i c acid concentrat ions. The 
respect ive ge l s ; H. I . J . K and L show 
peptide bands ap^e-^rtrd at these concen-
t r a t i o n s . 
I 
I 
rij^. 3lc Electrophoretogram of VHH incubated with 
4 .0 , 8.0 and 12,0 millimole per l i t r e of 
l a c t i c acid concentrat ions. The respec-
t i v e ge l s : K, N and 0 show the peptide 
bands appeared a t these concentrat ions. 

Table - 16 Molecular weights and Average Relative 
MoDilities of pro te ins of VHH-Lactic 
acid system. 
Peptide Average Relat ive Molecular weight 
Band Mobility *R '^ (Kda) 
I 0.01 230.6 
I I 0.06 193.6 
I I I 0.08 180.6 
IV 0.11 162.6 
V 0.13 151.6 
VI 0.16 136.6 
VII 0.22 110.8 
VIII 0,26 96.4 
IX 0.29 86.8 
X 0.35 70.4 
XI 0.41 57.1 
XII 0.48 44.7 
XIII 0.54 36,3 
XIV 0.62 27.4 
XV 0.69 21.4 
depicted in Fig, 32, Tne average R^ . values and t h e i r molecular 
weights are l i s t e d in t ab l e 17. Gel-A represents the untreated 
VHH pro te ins and the r e s t of th«n represent VHH, af te r treatiient 
with pyruvic acid in the increasing concentrations of the l a t t e r . 
As evident from electrophoretogram gel-B,band IX was bifurcated 
i n t o two bands close to each other a t 0.38-1,60 nM/l of pyruvic 
acid concentrat ions. Increasing the concentrations of pyruvic 
ac id only one band i s v i s i b l e a t the same pos i t ion which also 
became fa in t a t 19.82 mK/1 of the acid. Two bands XIV and XV 
disappeared when the VHH was t r e a t e d with 12.0 & 19.82 ncM/l of 
pyruvic acid. 
Fig, 32 Electrcphor etc gram of VTiH and VHH- incuba-
ted with Q.38, 0.76, 1,15, I.6O, 1.92, 
2.36, 3.20, 3 . 6 H , 12.0 and 19,S2 millimole 
per l i t r e of pyru\'lc acid concentra t ions , 
rne respect ive ge l s : A, B, C, B, E, F, G,H,1^ J" 
and K show the peptide bands appeared at 
these concanurations. 

Table - 17 Molecular weights and Average Rela t ive 
Mobi l i t i e s of proteins of VHH-Pyruvic 
acid system. 
Peptide 
Band 
Average Relative 
Mobility ^R;^ ' 
Molecular weight 
(Kda) 
I 
I I 
III 
IV 
V 
VI 
VII 
VIII 
IXa* 
IXb* 
IXc+ 
X 
XI 
XII 
XIII 
XIV 
XV 
0.01 
0.05 
0.07 
0.10 
0.12 
0.15 
0.18 
0.27 
0.25 
0.27 
0.30 
0.33 
0.42 
0.50 
0.66 
0.71 
0.78 
230.6 
200.7 
187.0 
168.4 
157.0 
141.5 
1^ .4 
93.0 
99.8 
93.0 
83.8 
75.5 
55.1 
41.7 
23.8 
20.1 
19.7 
* Bifurcated bands at 0.38 - 1.60 Wi/1. 
+ Single band at 1.92 mM/l and onwards. 
CHAPTER I V 
DISCUSSION 
The vai^iation in dens i t i e s of VliH with concentrations 
and temperature showed the usua^ decreasing t rend (Tables 2 ,^ , 
6 & 8 ) . 
The v i scos i t i e s of VHH-water system and VHH- reducing 
acid systems have shov-m considerable decrease both v/ith increase 
in successive di lu t ions as well as increase in concentration of 
reducing coinpounds. The v i scos i ty of VHH was found to be tv.'icc 
as great as tha t of water, even though 99 percent of water was 
present in the vi t reous humour. The high values of viscosi ty 
of VHH seem to be due to the polymerization and the a b i l i t y of 
HA to r e t a in water molecules within i t s h e l i c a l framework d i s -
playing a three-dimensional s t r u c t u r e . The t rend in the dec-
rease of v i s cos i t i e s of VHH with water d i l u t i on and tha t observea 
on adding reducing compounds i s qui te d i f fe ren t (Figs. 4,10,15 & 
20) . Thus, there i s invar iably a rapid decrease in the visco-
s i t i e s in the presence of reducing compounds unl ike tha t observ-
ed in VHH-water system. Such a t rend seems to suggest some possi-
b l e chemical changes occurring in VHH in the presence of reducing 
compounds. In addi t ion, some of the weak in t e r ac t i ons encounter-
ed in mixed system due to l i k e - l i k e and l i k e - unl ike molecular 
i n t e r ac t ions may also contr ibute to va r i a t i ons in the physical 
p roper t i e s of such systems. The l i k e - un l ike molecular i n t e r -
ac t ions , possibly take p lace , mainly between HA and water, HA 
and ascorbic acid, HA and l a c t i c acid and between HA and 
pyruvic acid molecules. Such interactions z.cxy partly occur 
between water soluble proteins present in the VHK ana the aaded 
reducing compounds. This in turn, results in decreasing the 
viscosity values. 
Increase in specific conductance of VHH with the addition 
of water is quite interesting (Fig. 5). VHH when dialysed 
against water, loses sodium ions retained by HA and the protein 
molecules present in VHH, This would cause swelling of the HA 
helix because in the absence of sodium ions negative charges avail-
able at the macromolecules repel each other. It is this condition 
of the HA molecules where the water is added to the system. The 
water shall naturally be trapped inside the macromolecule of HA 
and will cause increased hydrogen bonding within the three-
dimensional structure of HA. The increase in the specific conduc-
tance of the system is arrested at this sta^e probably due to 
increase in hydrogen bonding. The maximum of Fig. 5 seemingly 
corresponds to a sort of saturation point beyond whJ.ch further 
addition of water causes a decrease in the specific conductance of 
the systan. Such a decrease in specific conductance suggests some 
sort of reorganisation in the native three-dimensional structure 
of HA, which in turn, makes fewer charge carrying entities avail-
able in the system. 
The specific conductance of VHH-ascorbic acid, VHH-lactic 
acid, VHH-pyruvic acid systems (Tables 5,7 & 9) showed that the 
lov/ concentrations of these acids were inel:fec^ive lor the pro-
duction oi ionic species in the solut ion, wliile on increasing 
the concentration of these acids a gradual increase in the spe-
c i f i c conductance was observed showing a slow ra t e of depolyme-
r i z a t i o n of e i t he r HA molecules (thereby increasing the ionic 
species in the system) or the slow/incomplete d issocia t ion of the 
added substance or both. This view i s suppoi-^ed by the viscosi ty 
data which suggest depolymerization of HA molecules with increase 
in the reducing agents ' concentrat ion. The in te rac t ion between 
the degraded subunits of HA may also cause an increase in the 
speci f ic conductance. The fac tors described above may seem to be 
responsible for the increase in specif ic conductance of the 
systen. 
I n t e r e s t i n g r e s u l t s of the ac t iva t ion energy as obtained 
with the VHH-water, VHH-ascorbic acid, VHH-lactic acid and VMH-
pynavic acid systems have been found. As expected, there was a 
regular decrease in the ac t iva t ion energy of VHH-water system 
(Fig. 6 ) , The reason i s obvious tha t the d i lu t ion of a highly 
viscous f lu id with a non-viscous or less-viscous f luid shal l r e -
duce the v i scos i ty of the former. Addition of increasing concen-
t r a t i o n s of l a c t i c acid and pyruvic acid to VHH causes a decrease 
in the ac t iva t ion energy of VHH followed by an increase and, at 
a p a r t i c u l a r concentration of the reducing acid, fur ther decrease 
in the ac t iva t ion energy r e s u l t s in giving a minimum and maximum 
in the both the cases !,rir;s. 16,21). A decrease? in activatioi. 
energy of the system with increase in the said reducing couipouj-'di 
suggests a depolymerization or deaggregation of macromoleculeG. 
Increase in the ac t ivat ion energy with fur ther increase in the 
concentration of the reducing compounds i s of course very i n t e r e s t -
i ng . The decrease in the ac t iva t ion energy may be a t t r iouted zo t:.e 
breakage of polymerized bonds, while the increase in the same 
system gave a clear indica t ion t h a t formation of newer bonds or 
molecular rearragements are taking place with the increased con-
cent ra t ions of the ac ids . Depolymerization of HA with increase 
in the concentration of the reducing compounds, and the formation 
of newer bonds or rearrangsnents may however, take place together . 
When depolymerization of KA dominates, a decrease in the act ivat ion 
energy i s observed and where reorganizat ion or new bonds formation 
dominates, an increase in the ac t iva t ion energy i s exhibited. The 
behaviour of VHH-ascorbic acid system reinforces the same view, 
except t ha t no "minimum" has been observed with t h i s syston (Fig. 
11 ) . Addition of ascorbic acid caused an increase in the act iva-
t i o n energy followed by a decrease a f te r a pa r t i cu l a r concentra-
t i o n . This may be a t t r i bu t ed to the fact tha t ascorbic acid causes 
new bonds formation f a s t e r , even a t the minimum concentrations of 
ascorbic acid in comparison to the l a c t i c and pyruvic acids, 
Gibb's free energy, -^G was calcula ted using kinematic 
v i scos i ty data and employing Eyring 's equation. The values of ^ C 
obtained for various concentrat ions of reducing coi..;-ounus c;^* 
several temperature^a diou seem to support the aoove limAnt-.s D^sec 
on the behaviour oi ac t iva t ion energy, VHH-ascorbic ac^d and 
VHH-pyruvic acid systans showed maxima similar to tha t ootained 
in the case of ac t iva t ion energy versus concentration p lo t s 
(Figs . 11,12; 21 & 22) in cont ras t to the VHH-water systec, where 
a regular decrease in the A G with increasing d i lu t ions was no-
t i ced (Fig. 7 ) , In the VHH-lactic acid system two minima end +-^o 
maxima were observed when the concentration of the l a c t i c acid was 
increased. This re inforces our e a r l i e r contention that the cec-
•rf-
rease in the AG seons to be due to depolymerization of HA, wi-iile 
an increase in the AG values at two po in t s , suggests tr.e loruia-
t ion of newer bonds and molecular rearrangements. 
As expected, enthalpy, AH of the VHH-water system begins 
to decrease with d i lu t i on as well as with increase in temperature 
(Fig. 8 ) . In contras t to t he behaviour recorded in the VnH-water 
system, an increase in A H followed by i t s decrease in a l l the 
systems (Figs. 13, 18 & 23) , where reducing agents were used, 
lends fiirther support to the above in t e rp re t a t ion . 
An increase in the entropy of a l l the systans under 
inves t iga t ion with increase in temperature (Figs. 9,14,18 & 24) 
are in accordance with the usual increase in the randomness of 
molecules of a system. 
Increase in the ccncei.tratiou oT GA when the Vil:- ..as 
incubated with the reducing acius (Table 10,11 & 1^), aewuns-
t r a t e s the degradation of RH since the treatment of IIA with tne 
reducing acid causes a cleavage of the glucuronidic bond, 1 >3 
thereby re leas ing GA. Tliis i s with the confirmity of the resu l t s 
obtained by physical s tud ies . 
Mo s igni f icant change in the concentrations of K- AG v/as 
observed when the VKhl was incubated with the reducing acids. 
This points to the fact tha t the enzymatic action is no mor^ in 
the system. With the analysis of these two const i tuents i t x.e s 
become evident t ha t the depolyiLerization of KA was non-eiizymatic 
while VHH was subjected to the treatment of the reducing acids. 
Under the increased concentration of the reducing acids 
a p r ec ip i t a t i on in the incubation mixture was observed in a l l the 
t h r e e systems. The r e s u l t of t o t a l pro te ins sr^ Dv/ed a regular 
r i s e and f a l l in the supernatant f ract ions when the concentration 
of reducing acids were increased. Thus two maxima were observed 
with a l l the three systems (Figs, 25,26 & 27). however, the 
res idua l prcoein appeared in t h e i r respect ive p rec ip i t a t e s show-
ing a regular increase in the pro te in content. The prec ip i ta t ion 
of pro te ins in the incubation mixture may be due to the fact that 
under depolymerization of HA the prote in molecules non-covalently 
bonded with the HA polymer get d issocia ted and released which may 
under acidic pH p rec ip i t a t e out iroir the incuu. i on i..ixture. 
Two maximci of the supemat^i t protein IroCtio-n curve \>ere ;J.^hly 
i n t e r e s t i n g , mo_st l ike ly the proteins from th t Donded st itc ..it.. 
the HA macromolecules get released due to the depolyiheriz^ticii 
of the l a t t e r , thereby increasing the prote in concentration at 
t h e two po in t s , where the majcima under reference are observed. 
Several reports have shown the presence of varying rra:..oer 
of water soluble protein bands v/hen tiie vi t reous humour superna-
t a n t l iqu id was subjected to 3DS-PAGE. Protein bands varying irorr. 
seven to f i f teen have been reported by several v/orkers (Rac et a l . 
1955; Laurent et a l . , 1962; Copper et a l . , 1963; and Sv/ann et a l . , 
197^). In order to co l lec t the information about the peptide 
bands in the soluble fract ion of vi t reous humour and the effect 
of the reducing compounds on the non-collagenous p ro te ins , the 
supernatant of VKH-ascorbic acid, VHH-lactic acid and VTiH-pyruvic 
acid were subjected to 3DS-PAGE. VHH sample untreated witu tne 
reducing compounds have shown f i f teen d i f ferent bands v/r.ich are 
in the confirmity of the repor ts of Swann et a l . ( l980)(Fig.28) . 
Electrophoretogram of l a c t i c acid t r ea t ed VHH have shown 
almost a l l peptide bands corresponding to those as depicted in 
untreated VHH electrophoretograiu (Fig. 31a,b,c) except the o:.-. 
appeared at twelfth pos i t i on . The emergence of t h i s new baiio 
may be due to the degradation of the la rge molecular weight pro-
t e i n s . Because the addit ion of l a c t i c acid i s expected -o dec-
rease the pH of the system which in turn may ac t i va t e some acidic 
p ro tease . A l t e rna t ive ly , the band could be an aggregate of sorr.e 
low molecular weight p ro t e in s . This i s poss ib le due to the disso-
c ia t ion of prote ins as a r e s u l t of depolymerization of HA. 
Electrophoretograms of pyruvic acid t r ea ted VKH samples 
have shown aljnost a l l bands as observed with the untreated saruple 
(£•!§. 32). Peptide bands XI and XII have disappeared from the 
electrophoretogram. Altlx>ugh exact reason i s not possible with 
the avai lable r e s u l t s but p ro teo lys i s may be a sigr-ificant reason 
for the disappearance of some bands from the samples incubated 
wi th pyruvic acid, since the pH of the incubation mixture was 
qui te favourable for the a c t i v i t y of p ro teases . Band IX liigrates 
as two bands of very close mobil i ty in response to pyr-avic acid 
t reatment . This probably i s the r e s u l t of degradation of band IX 
p ro t e in . However, a t concentrat ion above 1.60 ml-i/l of the acia 
the re appears to be again present a s ingle band which i s probably 
the f a s t e r species of the two bands. Evidently the larger of the 
two bands are completely converted into the f a s t e r moving r e l a -
t i v e l y small molecular weight species . In the gel t rea ted with 
19.82 EDM/1 of the pyruvic acid even t h i s band has almost d i s -
appeared. 
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